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pA & Porter, Litd., 


RocHEsTer, Kent, 
( and 72, Canyon Steet, Lonpox. 
 sTRAM ROLLERS. ROAD. LOCOMOTIVES. 
STEAM CULTIVATING MACHINERY. 
STEAM WAGONS. erg 
OEMENT-MAKING MACHINERY. 


i G . Munford L* 


CULVER STREET WORKS, COLCHESTER. 
; Ow ADMIRALTY AND War Orrice Lists, 
ENGINES for Torpedo Boats, Yachts, Launches. 
: BOILER FEED PUMPS. 
See Fa rascals page 29, last week. 
| PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS 
And Auxiliary Meceinney as supplied to me 
by. 





2179 


arine Water. Tube Boilers 


(“ Wurre-Forstsr” Parents) 
JOHN SAMUEL WHITE & OOMPA 
Shipbuild Engineers, 





Y, pneu 
East Dowss, LW. 


& 8 nya yo Puewmatig Ash. Ejector. 


tin we ts Ot laos. Nonoise. Nodyst. No 





p> dirt. Ashes po te ged 20 ft. clear of vessel—Apply, 

F. J. TREWENT & PROCTOR, Lrp., Naval Archi- 

| tects and (ean 43, Billiter Bldgs., Billiter St., 
) London, B.C. Od 4835 


[peter Qi ee 


Manufactured by 
PETTERS Limirep, Hngineers, Yeovil. 
See our (llustrated Advt. every alternate week. 








2 pC & Donald, Ltd.,Machine 
MAKERS, Jounsrone, near Glasgow. 

For class'of Machine Tools see our Illustrated 

) Advertisement every alternate w 1358 


FOR 
tampings 
write 
| GARTSHERRIE ENGINEERING & FORGE Co., 





7 e |) rop 
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z 50, WELLINGTON STREET, GLasGow. 
ip & W. MacLellan, Limited, 
*: OLUTHA WORKS, GLASGOW. 
" , ManurFaCruRERs oF 
RAILWAY CARRIAGES AND WAGONS 
4 OF EVERY DESCRIPTION. 
» RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 
Chief Offices: 129, Trongate, Guascow. Od 8547 
= y Registered Office: 1084, Cannon 8t., London, B.C, 


| Gian 
es). Hand-worked or Sahat 


| TOOLS for SH BU 'LDERS & BOIDERMAKE 
F DAVIS& PRIMROSE, LimtrEp, LeiTH, EpINBURGH, 


} Prive Patent. J piter Co 


| ammers, Presses, Furnaces, 
#B! COVENTRY. 610 


Bever, Dorli & Co., Ltd., 


, BRADFORD. 
HIGH-CLASS ENGIN R ALL PURPOSES, 
_ AIR COMPRESSING 














| also WINDING, HAUL 
is and PUMPING BNGINBS. 1896 


\ranes.—Electric, Steam, 
HYDRAULIC and ewe, 
of all t and sizes 
GEORGB RUSSELL & CO., 
Motherwell, near Glasgow. 


eR. Heber Radford, Son # Squire, 
a Enenrgerine, Inow aap STEEL Works. 
Established] aluers, over 60 years. 
-ConsuLtine By@rewns, 


Ruveaces, 
Patan steer. tro 
5 F nst. Mec 

Inst. Naval Architects, M 





LrpD., 
4 





James Row, SUFFIELD. 
p feleyrams: 1 Rediond: Ghatiene ‘Telephone : v4 





SW eldiess-Steci Tabes 


Hammers (with or}. 


Y arrow’.& Co., Ltd., 
Pip et de cra | AND ENGINEERS, 
ormerty of Popar, Lonpor). 
PERS P TO 45 MILES AN HOUR. 
PADDLE OR SCREW STEAMBERS OF 


Exceptional Shallow Draught 


SSELS PROPELLED BY STEAM 
bines or gt) 
\Internal Combustion Engines. 


(Sampbells & Her, 1 Pas 


SPECIALISTS IN 


Drilling & Boring Machinery 
for Engine Works and Boiler Shops. 
DOLPHIN FOUNDRY, LEEDS. 4547 


“¥ achts, Launches or Barges 


Built complete with Steam, Oil or Petrol 
Motors ; or Machinery supplied. Od 3651 


VOSPER & CO., Lrn., Broap STReEr, PorTsMOUTH. 
[rank Locomotives 
wean, pm Ne rer vamernnnd equal to 

motives. 
R. & W. HAWTHONE LSSLIB & ©O., Lrp., 
ENGINEERS, NEWCASTLE-ON-TYWE. 


(Sochran OROSS-TUBB TYPRS. 
Boers. 
See page 90. 


[the pte Railway 
ering ( Company, 


Lap., 
London Ofice= ts vines Street, 5.W. 
Auk ACTURERS 
RAILWAY CARMA B. B, WAGON AND TRAMWAY 


Ww 
mies 7 & WAGON IRONWORK, also 
AST-STEEL AXLE BOXES. ROK 


[he Norman Thompson 
Pugh t Co., Ltd.  aisrp. 1900.) 
Corraacrone To THE ADMIRALTY. 


ears’ experience 
truction of Aircraft. 


‘THE FIRM WHO GAVE THB FLYING BOAT 
TO THE NAVY.” 


ALL BRITISH BUILT. 











4988 
MULTITUBULAR AND 





6020 








in Siesta oe 


Address :—MiIppLeror, BoGror, Ene.anp. 
Telegrams—" Soaring, Bognor.” 


“Gripoly” 


MACHINE BELTING 


Privizs 


onveying 
C 


os 


Filevating 


5399 





SoLe MANUFACTURERS : 


L,°*'s & [iy lor, Ltd, 


CARDIFF. 
MANCHESTER. 
Iron and Steel 


Tubes. and Fittings. 
The Scottish Tube Os, Lid. 


Heap Orrice: 96 Rahestoon Bteses, 


5484 


Lonpon. GLascow. 








L di Lb , I, TP es 





-les Limiteéd, 
ee INEBRS,.IRLAM, MANCHESTER, 
FEED Charen HEATERS, 
CALORIFIERS, EVAPORATORS, Row’s 
CONDLNSINE, RS, ATR HEATERS, Pa 


AS KETTLES. 
Merrill's Patent TWIN aan for Pump 
SYPHONIA STBAM TRAPS. *REDUCIN G ae 


High-class GUNMETAL STBAM FITTIN 
ATER SOFTENING and FILTRRING. 4024 


rrow Patent 


x ‘ bs erg ye 


Messrs. ROW & CO., UNDERTAKE) the 
PRESSING 4 ae MACHINING of the various 

of Yarrow Boilers, such as the Steam Dru 

Pockets, and Superheaters for British and 

Firms not having the necessary facilities. 


YARROW & CO., Lrp., Scorsroun, GLASGOW, 





F[ tubes; lron-and._ Steel. 
Edwin Lewis & Sons; ° 423 
London Office, Wolverhampton. 


143, Cannon St., E.O0, 
ittin 
F wane 


r[rubes and 
[ jovas: J; 


TRON AND 
See aa and 
41, OSWALD ST:., GLASGOW. 
BROAD STREET CHAMBERS, BIRMINGHAM; 
and teed and st tat ag 
Hov ap Sraext, B.C. 
LONDON ARBHOUSE. 181 C Urn m TRAMESST. »B.C. 
LIVERPOOL Wak REHOUS B63, PARADISE ST. 
MANCHESTER Toon te ae DEANSGATE. 
CARDIFF WAREBHOUSE—132, Bure Sr. 
BIRMIN _ WAREHO USES Broad STREET 
CHAMBERS, SHERPOOTER ST., and 10, COLESHILL Sr. 
See Advertisement page 26. 4990 


or Immediate Sale:— 


One 200 Kw. Westinghouse ALTERNATOR and 
EXOITER, 2 phase, 60 periods, 2200 volts. 334 r.p.m. 

One 275 Kw. Belliss-Sunderland Forge D.O. 
500 volt SET. 








JENNINGS, 
West Wallis, pores -Tyne. 


R() “Thom son’ "Boers 


One 30 ft. by 9 ft. yd 

One 30 ft, by 8 ft. 6 in, 

Two 30 ft. by 8 ft. 3 in. 

Two, 30 ft. by 8 ft, 3 in, 

One_ 30 ft. by 7 ft, 6 in. by 
Seventy eT te mip pressures. 


John mpson, 
a. on 


ew Chicago er 


Three Sizes, Delivery from Stock, 
NEW CAPSTANS, 1} in. through the wire feed. 


JOHN MACNAB, Mary Srraeer, Hype, 
Tel. No.: 18 Hyde. 
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eparators 


XHAUST STEAM 
TURBINES COM 
PR USED 


ree or 
STEAM DRYERS, 
METALLIC PACKINGS. 


rinceps & -Co., 


_j ohn ellamy, [ jmites,. 
MILLWALL, LONDON, 8, 
GENERAL ConsTRUCTIONAL ENGINEERS, 


Boilers, Tanks & Mooring Buoys 


STim.14, Puracy Tawus, AIR RECEIVERS, STEEL 
Curmyeys, RIvVETED STEAM AND VENTILATING Pepa, 
Hoppers, SpeciaL Work, ReParas OF ALi Kreps, 


RAILWAY CARRIAGES, ELEBCTRIO CAKS, &e, 


He Nelson & (oo: [+ 


Tas Giasow Hotiove Srock anp PLANT ee 7 
MorTrgERWELL. 


Head WV tightson & & 


LIMITED, 








t 


See Advertisement page 87, Septe'29. ; 40a 


Ma Tools in Stock :-— ie: 


Vertical DRILLS, to admit. 184 et ee 
and in. diameter; Bolt Sorewing MAGH 
10} in. centre 8 | Shafting LATHB. Becond- 
hand PLAN a ft. b AAAS 6 ft. Pas 6 ft. 

JAM » Lev, 4360 | 


Chamber fee Works, Hoiineeed, Manchester, 


Taylor & Challen 


Presses. 


ailway 
GQ witches and 
(\rossings. 


Tt. a bees + & SONS, LIMITED, 
DaR.ivetor. 


Matthew pal & (e- Li: | 


Levewronn Worxs, Dumbarton, 3994 
See Full Page Advt. page 44, Sept. 22, 


GOLD MEDAL-Lyventiors ExHiprrios-AWARDED, 


[)uckham’s Patent Su ended i 


WEIGHING MACHINES 
ROAD ay wet fee eee ty WORKS COMPANY. 
Lowpor, B.—Hycraulic Cranes, Grain Elevators, &c. 
See Illus, Advt. last week, page 17, 4812 




















FIELD. 6191 
Rubber 


MANUFACTURERS. 
Conveyor Belts 


GUTTA PERCHA & RUBBER, LIMITED, 


Toronto - - Canada. 5211 


Mechanics and Mes 


National Bank 
OF THE CITY OF NEW YORK. 
HBsTaBLisHEeD 1810. 


CAPITAL (Pally Paid Pee - ey sey 

SURPLUS & UN DIVIDED PROFITS $9,000,000 

This Bank receives Accounts of Bankers, 
Corporations, Firms and Individuals on favourable 


Sincthens vit anstuan cud toase-waie taiod 


CORR aR aban INVITED. 
FOREIG 0 


Fovign ray Sew coeg ‘leg eal Ss 


ee eae 


Onc a Sa lap. 








CHANTIBRS & ATELIERS 
ugustin - \J ormand 


67, rue de Pi —LE HAVRB 
rue Oe (FRAN OB), 


Destroyers, Lined aeryur'y ~ Yachts and Fast Bonts, 
. rae bi nes and Submersible Boats, 


aber 3 8 Patent gS nertiy-4 rf 
Ot) Heating. Diesel bo Rollers, Cee, ‘ 
Tus Guascow Rosine ‘Stock aND PLaNT Wouxs 


urst, Nelson & Co., Ltd. 
Builders of RAILWAY CARRIAGES, WAGONS 
ELECTRIC CARS and rv 
or RAILWAY & ThAMWAY ROLLIN 
Makers of Wants & Axes, RatLway foe 
Foreive, Smira haperw Inon awp Brass CasTin 
Office and Chief Works; Motherwell. ; 
ff Office: Gordon Chambers, 31, Queen Street. 
London Office : 14, Leadenhall Street, B.C. 
See Illustrated Advt. in alternate hh Od 


B. & S.. Massey, outs 


‘team Visca. 
ower ammers, 


Dias See 


$$ ___—_——_——__—- 








Quick and 


Pies (Es Pag 
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ENGINEERING. 


[Ocr. 6, 1916. 








e Manchester Steam Users’ 


ASSOCIATION. 
For the Prevention of Steam Boiler Explosions and 
for Sag eo Economy in the Application of | Preference 





Tniversity of Bristol. 
PACUL OF ENGIN BERING. 


Dean: Pror.J. WERTHEIMER, B.A., D.Sc., F,1. ° 

Civil Engineering—Prof. R.M. Fenutrn, M. Sc. .P.1 

Mecha: Hngineering—Prof. J . Munro, M. is 
M.1. Mech. &. 

ea KA Engineering—Prof. D, Ropertsoy, D.S8c., 


M.1.8.5. 
Automobile Engineering—Prof. W, Moran, B.S&c., 
M.LA.B. Fim 
Fee £226 5s. a year, but may be reduced to not leas 
than £15 15s. for students whose parents’ incomes are 


under £350 a year. 
Prospectus from the REGISTRAR. 
THE MANCHESTER MUNICIPAL 


Gchool of Technology 


(UO srversrry oF Manouesrer). 


Pruoran: J. ©. M. Ganwerr, uA. (late Fellow of 
Trinity College, Cambridge). 


ee 


forwarded free ees application, gives 
aniatet te courses leading Manchester 
neyo vee ney a in the Feoulty ot Technology, in 


‘ollowing sant ae ents :— 
ne TROHANI AL ENGINEERING, 
ELECTRICAL ENGINEERING, 
SANITARY ENGIN EERING (including Municipal 


Engin a 
THE OHEMIOAL INDUSTRIES luding 
General Chemical Technology, ing, 
Dysing. ane Pape’ g, Brewing 
etal 


THE TEXTILE USTRIES 

PRINTING & PHOTOGRAPHIO TECHNOLOGY, 
MINING, 

ARCHITECTURE. 





During the Session Lap ony First Year Courses 
will be «pecially adapted to the requirements of 
— who any wish to take Commissions in - M. 


E 627 
“y National Need. 
BRITISH SCHOOL OF ABRONAUTIOS., 
Construction, 


— Design 
and Draughtemanship. mplete Postal 


"Courses, 
Also pre tion oe Sune, of es of 


Otvil, echanical BE 1 
PENWIN GTONS, 264, “Oatort Bent Manchoeter. 6 8397 
STRUCTURAL ENGINEERING. 


= Particulars oot Course of 
INSTRUCTION BSPONDENOR, 
write to “THE WHSTMI run aa nanied 
gpeman, ” 93, Old Oak Road, Acton Park, Juana 











TENDERS. 
TO MANUFACTURERS ONLY. 


THE COMMISSIONSGRS OF HIS MAJESTY’'S 
WORKS, &c., are prepared to receive 
Rly 
8. 


ats enders for the Su 





of STEAM TUBES and FITTI 


Forms of Tender, Conditions of Contract, and all 
iculars, may be obtained on application to the 
ntrolier of Supplies, .M. Office of Works, King 

Charles Street, Westminster, S.W. 

The Commissioners do not bind themselves to 
accept the lowest or any Tender. 

Tenders must be delivered before Eleven a.m., on 
Thursday, the 12th October, 1916, addressed to THE 
SECR ARY, H.M. Office of Works, &c., Storey’s 

London, &.W., and endorsed '“ Tender for 

Steam Tubes and Fittings.” 

H.M. Office of bend &e. 
2nd October, 1916. 


—_ - - 
—_—_———— 


APPOINTMENTS OPEN. 
NORTHUMBERLAND EDUCATION 
COMMITTEE, 


F 189 








WALLSEND TECHNICAL INSTITUTE. 


A sistant } Master (not eligible 


for yt hte em he yf REQUIRED to conduct 
Day Classes for Sh Bo Subjects :— 
Practical Matbouration ys Elementary 
Science and English. Salary per. annum.— 
Forms of i oy met (to be returned immediately) 
may be obtained from C. WILLIAMS, The Moothal, 
Newoastle-on-Tyne. 


HALIFAX. EDUCATION glam lr 


MUNICIPAL TBCHNICAL COLLEGE 
Principal — J. Crowrner, B.Sc. 


A Pp lications are Invited for 
¢ POST of ASSISTANT in the Mechanical 

Bngineering Department. Salary £175 per annum. 

Candidates must be ineligible for military — 

Teaching experience, including 

and practical experience in an engineering ae 

essential, 

Particulars and forms of application, to 
returned as early as possible, may be obtained = 
the Principal. F 201 

W. H. OSTLER, 











anager Required, with 
thorough knowledge of eers’ Merghants' 
Business (machive tools, neon &c., rove Bf 
Address, F 180, Offices of Evervrerinxe. 

anted, bya Lar gel Engineer- 


Firm, R ple 





Must | already 


See oe Lateon* 





W tie Works Manager (Six 


firm, 
ies) ppg peed "Cat Gearing | 
experience 


ore 8 who has had 
with’ a Out DoubleHietonts = one already 
= ed on Government work will be engaged.— 


ly, sta’ full 8 e, wage and 
pe sa Poe “4 whist will pore with confidence.— 
Appl Py nearest LABOUR EXCHANGE, 


ng this Journal and F 197. 


T° Disabled Officers.— 


WANTED, a GENTLEMAN, under 27 years. 





disqualified for military service, single, with public Ww 


school education and three years’ engineering | 4 
experience as me ye Assistant Manager on tea 
estate in Assam, to qualify for tea planter’s career. 
Preference to officers returned from the front unfit 
for further military service. e—-Adldrese, * _— * 
Wm. Porrsous & Co., Glasgow Fiji 


W sees First- chau Chemical 


ENGINEER, both theoretical and practical, 
Works now being 


Ko person alread 
cerns per will ihe engaged. —Apply 
ve experience salary req 

pak t LABO EXCHANGE, mentioning this 
Soaceak and F 4 7. 


(Chemical Engineer uired, 


at ust be 
<a cousd education _ and sknowioage ol ot high 
first-class man. 


wages to 
ed on Se te ork will be 
° So peress employed. on ent aeaiion and 
detalles. of experience. A eare! 

LABOUR. OHANGE, py ie yr iade Gaper 
(themical Engineer Required, 


with Pogo experience of Nitric Acid, 
Sulphuric Acid Concentrating, Acid Mixing and 
Denitrating Plants. Must be good mechanical 
= neer, with some knowledge of Electrical Plant, 
capable of handling men with tact. Please 
state and full particulars of experience. 
Applications can be made in writing —— your 
nearest LABOUR BXCHANGE, mentioning this 
Journal and E 863. No person engaged on Govern- 
ment work will be employed. 


Productive Engineer, with 
actual gee pattern and shop experience 
for centrifu ump eee in North 
England, Seas gy Pe system and modern 
methods essential vopty Ui state age, education, 
experience — a. No hag on Government 
work will sow « your nearest 
LABOUR BXCHA ed PY. A 2363. ¥F 125 


Ke gineer-in- charge. Required, 
+ period of ~~ War. Sa £3 5s. per weih. 

to Mr. G. G. BELL, Setharcmieh Borough 
pee" f Electricity Department, 85, Fulham 
Palace Road, Hammersmith. F 191 


Exgineer Wanted, thoroughly 


aonversant with overhead runway schemes, 
lifting and handling appliances, &c. ; competent to 
interview and advise eres rchasers, mainly 
munition factories, c teal works, &c., to prepare 
lay out plans for rear eve | purposes, and take 
particulars for working drawings.—Address, F 211, 
Offices of ENGINEERING. 


pplicants for Position of 

ag Engineer to Engineering Insurance 
, Box F 10, are informed that the vies: 31 
“been FILLED. F194 


has 

Dez ner, with first-class 
— experience, REQUIRED 
by 1D pm establishment, for duration 
- the War.—Reply ( Benge only), stating age, 
rience, present sa’ and salary uired, to 
ry X 763, care of Messrs. KR. F. Wurre & Son, Genl. 

Advng. Agents, 33, Fleet Street, B.C. F 


(\ement Works Chemist 


WANTED to take control of a new factory in 
Australia. Liberal terms to really first-class man. 


as T,” care of Srreers, 30, 























a 








Cornhill, 
F isi 


Wanted, an Outside Buyer, 


with knowledge of aero and motor engines. 
A knowledge of tool work would be a recommenda- 
tion. District, North East London. Noone resident 
more than 10 miles away or already engaged on 
Government work will be employed.—Address, 
F 192, Offices of ENGINEERING. 


RRatefixer and Estimator, 
capable and experienced for controlled Motor 
Car Factory in the North. Must be practical man 
and conversant with up-to-the-minute methods of 
pone No m on Government work will 
te all Weng and eg 

reqemeatee bed, og nearest LABOUR EXCHANG 
% | mentioning tl is Journal and quoting No, A 2338, F 93 


i” National Boiler nnd 


GENERAL sale bey Rat : St. 
Manchester, ink’ DDI- 

TONAL INSPBCTORS. 

Must be practical engineers or boilermakers 
food experience with engines and boilers ; should 

ve theoretical knowledge, and be able to take 
dimensions and make neat sketches and mechanical 
drawings of ba pep y engines. The duties include 
the examination l) parts of boilers, the indication 
and —ee “ol ea en “oo Commencing any 
£12 giv ep tes 
qual raMlens ond experience. pplications from 
men eligible for boewgen! Aaginre are not invited.— 
Address, letter only, marked * nae 


Ses of ieimonisis EOWARD G@. seas a 


Chief Engin 


_J unior 
cagifeais to 2, Wa 











ER, 
1 


F 176 

ira gs er femcons 
steel sna iron | th 
2 —_ so aie ciet es 


ed. WN 
en ee ee te nA ov g0n' 





constructed in | ex 


156 | Applicants must have had similar ex 


== nae 





[raming Office Chief— 
district. — 

MAM te tahe wing Office. Specialities 
Ghanem Good 


Does OP Pana Cabth” Aten 


— 
Fanted, “Three sp ticsdakinaen 


horoughly_« conversant with either Blast 
Furnace i Steel actice, for large Govern- 
ment controlled Iron a gh Works on the North 
est Coast. Permanency to suitable men. — 
ee should be forwarded to the nearest 
UR EXCHANGE, soonee No, A 2322. 

te ey yo engaged 


work cannot 
A "how ce Goud Mechanical 
DRAUGHTSMEN REQUIRED by 
Admiralty establishment, for the duration 
of the War.— ly (by Lips ee only), stating | age. 
a present salary and salary req’ “4 
X 761, careof Messrs. R. F. Wurre & Son, 
Gent. Advyng. Agents, 33, Fleet Street, B.C. 


]taughtsman Wanted, for) 


ships anxiliaries; for works near London 
willbe en already employed = pov angodee ned Pe sen 
will be en ed. —A ; Tat n ons, 

2 ae pean A LABOU 4 tre XCHANGE, 
pow BR, this Journal and F 196, 


[raughtsmen (Senior and 


Junior), for urgent Government geronautical 
work. Must have had several years shop and D.O. 
experience, also some are training ; men used 
to automobile work preferred Good salary and 
prospects; overtime paid for. “No man on Govern- 
ment work © can be engaged.—Write or opp'y, in first 
instance, to. your nearest BUARD TRADE 
gag t BXOCHANGB, mentioning this paper _ 
0. 


W anted, a Good Shop 
DRAUGHTSMAN for acheter 


tools and machinery devices for Ma: orks, 





on Government 
Fa 














Die ged N. re 0, Engineer. 
SO Pear: and 


experience tn 
feos peat works, 
o> om —Adidress, 186, Offices of Ev. 


Pingineer, with E 


See soer of railway su 
steelworks plant, gas 
en reallie heapsteads, 
machine ae: customs, and the 
e, TD OPEN’ to PRESENT Firm © 
Combination in China.—Address, F 198, Offices «: 
ENGINEERING. 


Belgian Civil Engineer, ove: 


tar: 7 sg. w well ex foot, mathemati 


mathemat: , 
Siloti ENT in London. oo mem 
F 169, Offices of | anata, : 


L inguist, perfect correspon- 
dent, four languages, trained accountan 
niser, industrious and conscientioy; 
FFERS SERVICES to manufacturers 
trade after io war. neering trade 

jle.— Address, F 200, Offices o ENGINEERIN «. 


Hinges: (41), accustomed to 
-out and erection of a gonarys painting 
— builat dings, mechanical design, nizer 

and control men, DESIRES A’ A INI MENT 
home or colonies. — Address, F 210, Offices of 


ENGINEERING, a 
oung Engineer, 24, Whit- 
Nine 


worth Exhibitioner, student 1.C.E. 
years works’ and d.o. experience, DESIRES PUS|- 
TION in designers office, or as asst. to engineer on 
War work. Knowledge of repetition work, Address, 
F 202, Offices of ENGINEERING. 





rience ip 














ane 
pects 








poEm mployersneeding Trained 
woned N of the educated class, to be trained 
for fitting and bench work generally.—Apply, 
WOMEN’'s SERVICH, 58, Victoria Street, London. 
F 179 





ne! 
Must be shop-trained; drawing e tech 
essential. Permanent joband ope 
giving full particulars of expe cord &e. 
on Government work will be engaged. Apply. y: — 
nearest LABOUR EXCHANGE, quoting OA bow ve 
& 


Js and Tool Draughtsman 
EQUIRED for motor and aero — No 
person on Government work will be en 
men experienced in latest methods an 
posts need apply. 
out ant mearest LABOUR ~aueman 5o 
ng 





Only 
Fy ‘similar 





anted,J unior Draughtsman 


used to hydraulic machinery.—Appl 
letter, statin, Bs a run and a required, 
to nearest HANGE, men “rm | 


this Journal and oi 116. haga on Governme: 
work need not apply. 
an 
must 


W2 anted, Immediately, 
pettenced FOUNDRY FOREMAN ; 
have held a yo poeee previously, be active, 
sober, and thoroughly able to direct. and control 
pager 30 men, inelnding Fettlers, &c, One having 
ood all-round experience of plate moulding, 
oy nder work and general jobbing, with experience 
in piece-work preferred. Give fa | detailed inform- 
ation of previous situations, experience, age, wages 
required, whether society or not. No person already 
employed on Government work will be engaged.— 


Apply, ur nearest LABOUR EXC GE, 
mentioning this Journal and F 173. 


anted, for Government 
Controlled Establishment in the West 

ne a mB on the manufacture of 
Moto hicles, a FOREMAN or 

CHARGE 1 HAND. “tor Fitting & Assembling Shop. 
rience in the 
Assembling of component parts of Motor Vehicles, 
and must capable of controlling labour. The 
position offered is permanent, and good wages with 
overtime and bonus will b be Peso icants must 
writeorapply tothe nearest LABOUR EXCHANGE, 
mentioning this pa and No, A2380, and giving 
full particulars of ~experience, age and wages 
required. No man at present on Government 
work need apply. F 161 








PARTNERSHIPS. 





Partners 
Directors 
Businesses 
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Advertising Agents, Glasgow. F 206 
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atents IN ALL COUNTRIES. 
KE. P. Alexander & Son, 


CHARTERED PaTENT A 
306, HIGH HOLBORN, LONDON WiC. 
(Established. 1874.) 


Telephone : Central 7424. 


ensen and Son, 


4884 
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J seg Rad British, Colonial, and a 
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john E. Raworth, 
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Tothill Street, Westminster, 8. Ww. 
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[[oolmakers and Toolsetters, 


several REQUIRED ; competent men. Those 
on Government work or residing outside radius of 
10 miles need not apply.—Write, giving full par- 
ticulars, to F 178, ces of ENGINEERIN 


Kpgineering g Pupil. = Vaceusy 
with Firm (Government Contractors) manu- 


me latest t 
copnes, &c.; m 
of Bye 





of ery, oil and 
a premium.—Address, 
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of good ucation as premium 
sane ts include both works and Genae one, 
Address, , Offices of ENGINEERING. 











SITUATIONS WANTED. 


Foundry Manager, Just Re- 
tarned from abroad, SEBKS SITUATION. 
Wide experience. Excellent references.—Address, 
F 18, ices of ENGINEERING. 


| Gaines Engineer (Ineligi- 


ble), with over 10 ye Me on 
; | telegraphy and Wy easyer ION, 


preference in firm or manufacturi: 
wines apparatus. — adares, 
ENGINEERING. 


Nee Engineer er (36), Con- 
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PATENT-RIGHTS ; 


THEIR ACQUISITION AND MAINTENANCE. 


Protection 
By G.¢ G. _M. HARDINGHAM, 


OROSBY “Lockwood's” & SON, 5287 
7, Sramiowzrs’ Hatt Court, Lenpon, E.O. 


Revised Edition, price 1s. 6d.; by post, Is. 8d. 








AUCTION SALES. 
VW bestle Kirk, Price & Co. 
18650.) 
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anp Valomns OF 








Me. Knight & Partners, 
LTD., 
AUCTIONEERS and VALUEBS 
to the Engineering Trades, 
27, Old Queen Street, 
Westminster, 8. W. 
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in all parts of the Kingdom. 
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THE BRITISH ASSOCIATION. 
(Continued from page 300.) . 

SECTION A.—MATHEMATICAL AND PHYSICAL 

SCIENCE. 


British GEODESY. 


Tue report of the “ Committee on the Future of 
British Geodesy, with especial reference to the United 
Kingdom and the Crown Colonies and Protectorates,” 
stated that there was no department or society in 
the United Kingdom to deal with the higher 
geodesy. There were the Ordnance Survey, the 
triennial meetings of the International Geodetic 
Association, and the revision of the magnetic survey 
now carried on by Mr. G. W. Walker ; but gravity 
observations had not been carried out in the King- 
dom since 1818, whilst the Colonial Survey Com- 
mittee had made arc measurements. The organisa- 
tion of the International Geodetic Survey had too 
much concentrated the work at Potsdam, and 
French and Russian members did not wish that the 
Central Bureau should be any longer attached to 
the Prussian Geodetic Institute. There was noschool 
of geodesy or training institute in this country, and 
no English up-to-date text-book on the subject. 
. Professor H. H. Turner, in opening the discussion 
(which took place in a joint meeting with Section E, 
Geography), and the committee secretary (Colonel 
Hills), pointed out that no report had been expected 
this year; but the question arose out of the war and 
should be taken up now, the point being to extend 
the Committee and to define its scope. Professor 
A. R. Gregory remarked that the issue of a book 
in this country was a difficult matter for publishers, 
since there would be so little demand for it ; in the 
United States and Australia the service published a 
manual. 

After a discussion, in which the presidents of 
Sections A and E, Professors Whitehead and E. A. 
Reeves, took part, it was resolved, on the motion of 
Professor A. Schuster, to appoint a joint committee 
of Sections A and E “ to discuss the present needs of 
geodesy in its relations to other branches of geo- 
physics,’ Colonel C. F. Close to be chairman and 
Colonel E. H. Hills secretary. It is not a little 
characteristic that the initiative in so important 
a matter should even now be left to the British 
Association. 


SEISMOLOGICAL INVESTIGATIONS. 


The 21st report of the Committee on Seismological 
Investigations was presented by the chairman, 
Professor H. H. Turner, who, referring to the recent 
death of Prince Galitzin, said that Galitzin had 
given up the resonance principle of the early Milne 
seismograph in favour of a machine marking the true 
movement of the ground. Milne had himself, in his 
last days, altered his machine in this sense 
together with Mr. J. J. Shaw, and they were now 
replacing the old Milne instruments by the Milne- 
Shaw instrument, which could be done at the small 
expenditure of 50/., where the more expensive 
Galitzin machines were out of question. Warmly 
praising the devotion of the staff, Professor Turner 
stated that he shared the superintendence with the 
secretary, Mr. J. J. Shaw, of West Bromwich, and 
that the work continued to be carried on by Mr. 
Burgess, who had also to act as printer, with the 
assistance of Mr. Pring and Miss Caws. The Shide 
Bulletins had been printed up to December, 1914. 
Material coming in very scantily after the outbreak 
of the war, however, they had turned to a further 
study of the 1913 and other records. The old Milne 
seismograph at Edinburgh showed, in 1914, the 
setting in of the P waves distinctly in 17 cases, and 
the setting in of the S waves also in 17 cases, but both 
these points were distinct only in one case. For 
the calculation of the epicentre both P and S were 
wanted. If a large exact globe were available, this 
could be done with the aid of arcs ; but that was not 
always convenient, and calculations by the Zéppritz 
tables or the tables of Klotz (Ottawa) or others 
were resorted to. In these calculations some new 
difficulties had crept up, the complication of the 
records by reflected waves. If E (Fig. 4) were the 
epicentre, and E A and E B neighbouring paths of 
the P waves, the waves might be reflected to R (a 
point equivalent with E on the opposite side of the 


reflecting portion AB) such that time along 
(EA+ AR) =timealong(EB+ BR). But that 
condition, it was now suggested, might also be ful- 
filled with regard to another point 8. The reports 
discussed this latter possibility at length, and so far 
confirmed the suggestion, which, if established, 
would render some apparently anomalous records 
available for analysis. The report also dwelt, 
among other features, on a peculiarity noticed in last 
year’s report. A Milne-Shaw (M-S) and a Milne- 
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Burgess machine (M-B) had been mounted close to | 
one another on similar separate piers. Both traces | 
wandered, probably with temperature variations, | 
wind, &c., the M-S much more than the M-B, and | 
the differences had been ascribed to construction | 
differences in the machines. But when some slight | 
machine repairs became necessary, the piers were | 
interchanged, and then the M-B_ instrument 
wandered more. The piers seemed thus, after 
all, concerned in the wandering, so that the 
proper selection of a suitable locality for a pier 
could not be judged on the evidence of only 
one test pier. 


THE MEASUREMENT OF TIME. 


The paper by Professor H. H. Turner, F.R.S., 
Savilian Professor of Astronomy at Oxford, on 
‘Measurement of Time,’ might be summed up as 
an appeal in favour of the Daylight Saving Bill 
addressed by Professor Turner in his humorous vein | 
to his colleagues. The measurement of time, he 
remarked, had two different aspects, the civilian 
and scientific. It was one of the duties of the 
astronomer to improve the measurement, of time, 
which could be referred to the stars or to the sun. | 
People who were not astronomers might not under- | 
stand that there were 366} days in the year of the | 
astronomer, and that there was a sidereal clock | 
gaining on ordinary clocks one day in a year. The | 
astronomer was interested in solar time chiefly as 
scientific adviser to the public, which included 
himself and scientific workers such as meteorologists. | 
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different hours (according to locality) was so 
thoroughly approved by astronomers, who resented 
interference with it, that one might think that this 
system owed its inception to their own proposal. 
But it was in fact proposed by a civilian, Sir Sand- 
ford Fleming (born 1827 in Fife, died July 22, 1915), 
who came over especially from Canada to the British 
Association meeting at Dublin in 1878 with a paper 
on universal time for Section A. The Section put 
that paper off from day to day and finally told him 
that the proceedings were closed. Fleming’s com- 
plaints were useless; a letter to Spottiswoode, 
president of the Association, remained unanswered. 
Professor Turner amused the Section by giving the 
names of the officers of Section A of that meeting : 
Salmon, Casey, Fitzgerald, Glaisher, and O. Lodge. 
Returned to America, Fleming heard that a meeting 
of railway managers of the United States and 
anada had at once resolved to take definite action 
on vhe subject of regulating time. 

There was no adequate scientific reason for 
opposing the Summer Time Bill, Professor Turner 
concluded. It was prejudice and inertia. In the 
matter of universal time, he was glad to add, 
astronomers had later turned into warm supporters, 
and there was another historical parallel. As 
Astronomer Royal Bradley had (in 1752) not 
welcomed the adoption of the Gregorian calendar ; 
but he had subordinated the purely scientific 
interest to that of the public, and yet the people 


_ had shouted after him “‘ Give us back our 11 days.” 


Sir Frank Dyson, now Astronomer Royal, merely 
remarked that it had not occurred to him that 
summer time concerned astronomy ; he had thought, 
however, that the people would complain about 
a certain ambiguity. Professor John Perry ad- 
mitted, he was afraid, that scientists had opposed 
merely because bowing to authority. Professor A. 
Schuster said he had objected, and he still believed 
that all the advantages might have been secured 
by changing banking and business hours and, if 
necessary, railway time tables, whilst the com- 
pulsory thange of the clock certainly inconvenienced 
farmers and others. But Professors Perry and 
Turner were convinced that a compulsory change 
of the clock had been the only way. 


Sunspots AND MaGnetic Srorms. 


In presenting a paper on “‘ The Influence of Sun- 


Excepting these latter—a chief and very important | spots with regard to Terrestrial Magnetic Disturb- 
exception, he quite admitted—Professor Turner | ances and the Mean Daily Range of Declination due 
maintained that daylight saving had not interfered | to their Position,” the Rev. A. L. Cortie, 8.J., of 
with any real scientific interests. As scientific adviser | Stonyhurst College, remarked that he did not wish 
the astronomer insisted on uniformity of time or, at | to suggest that sunspots were an efficient source of 
any rate, on a system. If observatories scattered| magnetic storms. The spots were instrumental, 
over the world could concentrate attention on the | having perhaps a kind of trigger action; but big 
same minutes and seconds, there was a better | spots had occurred not causing any storms, and he 
chance for accuracy; for that reason Greenwich| hoped to show that, besides sunspot activity and 
time had been adopted. But as half the world | area, there was a third factor, the position of the 
worked while the other half slept, there must be a| spots. The Stonyhurst lists, the author explained, 
convention as to the distribution of the larger units | distinguished calm days and days of small, s, mode- 
somewhere between the day and the second, and | rate, m, great, g, and very great, v.g., magnetic dis- 
the hour had presented itself as natural unit. As | turbances, and he communicated the results of an 
we crossed a large continent we had to advance or | elaborate analysis of the m, g, v.g. disturbances for 
retard our watches several times. the 25 years’ period 1889-1913, embracing two com- 

At present the hour hand was treated as a variable | plete solar cycles, three sunspot maxima and two 
index to remind us of our position east or west of | minima, and 8 years of increasing and 17 years of 
Greenwich. At one time it had been proposed to| decreasing activity, altogether 2,028 spots. As 
keep the same hour all over the world ; but people regards the area of the spots (the fraction of the 
disliked having mid-day far removed from 12 o’clock. | visible solar hemisphere covered by spots), their lati- 
That was nothing more than tradition or sentiment ;| tude, and the heliographic latitude of the earth 
it was considered convenient to drop the proposal | (which varied between +7 deg.), it turned out that 
of universal time in favour of hourly “ zones” as | sunspots near the solar equator exercised a stronger 








they were mis-called ; lines would be a better term. 
When the day was divided into 24 hours of equal 
length—instead of the primitive division of the 
variable interval between sunrise and sunset into 
12 hours—astronomers had perhaps paid too little 
attention to the importance of sunrise and sunset 
in civil life. Clocks were regulated at noon, which 
recurred at regular intervals ; sunset, the time for 
artificial lighting, did not. The change of sunset 
was gradual, but serious; and there was no reason 
why, in civil life, we should not recognise this change 
in the same way as a change in the place of the globe 





was recognised. He (Professor Turner) had heard 


magneticinfluence than those of higher latitude. But 
spots from the zone 25 to 30 deg. seemed exception- 
ally powerful, and five of the biggest magnetic storms 
(there were 22 storms in the period when the move- 
mentof thedeclination needle exceeded 1 deg. of arc) 
coincided with spots of this high latitude ; the greatest 
storm, that of September 25, 1909, was, however, 
connected with a spot outburst in latitude —5 deg. 

Interpreting the results of the examination, and 


| dealing especially with the point why spots on the 


declining branch (when spots were falling in latitude 
towards the equator) should be more influential, 
Father Cortie suggested that spots threw out elec- 








vague talk about “interfering with standards” ; | trons in large numbers (represented probably by the 
but the standards were safeguarded by the seconds. | streamers of the corona) which electrons, repelling 
The system of the same minutes and seconds, but ' one another, formed clouds, large with large spots. 
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As the earth kept fairly near the plane of the 
sun’s equator (within +7 deg.), it would be more 
likely to enter such a cloud when coming from spots 
near the equator than clouds ejected from higher 
latitudes, unless those clouds were very large. On 
the declining branch the majority of spots would be 
in a favourable latitude. The electrons would not be 
the direct cause of the disturbances, but they would 
ionise the upper air and render it more conducting ; 
the energy of the electro-motive force would be 
supplied by the rotation of the earth (A. Schuster), 
and a magnetic storm would break out when the 
earth entered a cloud of electrons.—In the dis- 
cussion Colonel Hills suggested that more periods 
should similarly be studied. Other speakers in- 
quired why aurore seemed to occur only near sun- 
spot maxima. Father Cortie replied that might be 
so for aurore observed in England or in middle lati- 
tudes ; there was, however, little information avail- 
able about aurore in high latitudes. 

Professor G. E. Hale had promised a paper on 
“The Magnetic Phenomena of Bipolar Sunspots,” 
but he was prevented from coming over to England. 


Mean Distances OF STARS. 


In a paper on “The Mean Distances of Stars 
of Different Magnitudes,” Sir Frank W. Dyson, the 
Astronomer Royal, pointed out that by a comparison 
of the positions of stars recently observed at Green- 
wich with a catalogue made at Cambridge 30 years 
ago, and with earlier observations of Bessel and of 
Lalande, the proper motions of 12,000 stars had been 
obtained by Mr. Thackeray. On the assumption 
that the peculiar movements of the stars neutralised 
one another when the mean of a large number was 
taken, the mean proper motion of a group in any 
part of the sky might be regarded as caused by the 
motion of the solar system towards a point near 
Vega with a velocity of 19.5 km. per second. This 
was taken as a basis for determining the mean 
distances of stars of different magnitudes; the 
figures given concerned chiefly stars of magnitudes 
ranging from 6 to 10. The results obtained, in 
addition to similar results obtained from stars near 
the north pole observed by Carrington in 1855 and at 
Greenwich about 1900, were in accordance—or gave 
perhaps slightly smaller parallaxes for faint stars— 
with Kapteyn’s formula deduced by considering 
brighter stars. 

Commenting upon this communication, Professor 
Eddington remarked that the recent criticism of 
Kapteyn’s formula by Charlier and by himself had 
rather been altered by the discovery that the 
average speed of a star seemed to depend upon 
its intrinsic brightness ; Kapteyn’s parallaxes were 
probably better than had been believed, though 
Kapteyn had not in 1900 had all the information 
now available. 

An astronomical model showing the motion of the 
earth, including precession, was exhibited in the 
committee room of the Section by Mr. Charles 
Porter. 

X-Ray Spectra OF THE ELEMENTS. 


Sir Ernest Rutherford, F.R.S., opened a series 
of communications on spectral lines and optics by 
giving a resumé of quite recent work, done especially 
in Scandinavia and in the United States, on ‘‘ X-Ray 
Spectra of the Elements.” Briefly outlining Bragg’s 
method, Sir Ernest pointed out that Moseley found 
very simple X-ray spectra for metals like alu- 
minium and zinc, that the few lines of these spectra 
repeated in different elements arranged in the order 
of their atomic weights, being shifted towards 
higher frequency as the atomic weight increased, 
and that the frequency varied as (N — a)* in which 
N was the atomic number (something more 
regular and more fundamental than the atomic 
weight) and a a constant. Moseley studied 40 ele- 
ments, and, accepting for aluminium the value 
N = 13, had traced the spectra up to gold, N = 79. 
Siegbahn and Friman (Lund, Sweden)* had last year 
examined the spectra of the L series (of lower fre- 
quency than the K series) for the heavy elements gold 
to uranium, especially also the elements tantalum, 
tungsten, iridium, platinum, gold, mercury, thallium, 
ead, bismuth (through the spectra of all of which a 
group of 11 lines could be traced), and those of the 
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rare earths. They confirmed Moseley’s law, mostly 
within 1 per cent. The atomic number of polonium 
(electrolytically deposited on copper) they found to 
be 84, and radium 88, but they were only certain as 
to two polonium lines and one radium line in these 
X-ray spectra. Their atomic numbers for radium, 
polonium, uranium and thorium agreed with those 
deduced by Rutherford and Andrade from the y-ray 
spectrum of Ra B; the wave-lengths of the strong 
lines of Ra B (Rutherford) agreed within 1 in 300 
with the L spectrum of lead (Siegbahn), confirming 
that these two elements were isotropic. 

The American work, he continued, had chiefly 
been done with a tungsten antikathode, with the 
aid of Coolidge tubes developed in the laboratories 
of the General Electric Company, the chief contri- 
butors being by W. Duane, A. W. Hull, F. L. Hunt 
and D. L. Webster [see Physical Review]. The 
Coolidge tube was very good for steady high- 
potential work ; he had himself worked a tube for 
a year, the spiral being often white hot and the 
antikathode red hot. Great improvements had 
been made in the technique of X-ray production 
by Coolidge and Hull in the General Electric 
laboratories ; the latter had devised a method of 
supplying a steady current of a milli-ampere at a 
constant potential of over 100,000 volts. The cost 
of such an installation, which was very necessary for 
work of this kind, was almost 1,000/.—an amount 
within the means of few of our universities. In 
these experiments the Coolidge tube was excited at 
a constant potential, and the maximum frequency 
of the X-rays was examined by the crystal method, 
using both the ionisation and the crystal methods. 
The general conclusion reached was that the 
maximum frequency (“‘end” radiation) which a 
tube could yield could be calculated from the 
quantum relation Ve = hv, where V was the voltage, 
e the electronic charge, A Planck’s constant, and 
v the frequency in question. This very important 
result had been verified by Hull and Marion Rice for 
potentials as high as 150,000 volts. The relation 
held for the general continuous X radiation, but 
did not appear to hold for the individual bright lines 
of the spectrum due to characteristic radiations. 
Working a tube (with rhodium antikathode) by an 
accumulator battery of about 20,000 cells giving up 
to 44 kilovolts, kv., Webster obtained no lines of 
the K series at all below 23 kv. ; the various lines 
of this series appeared suddenly and simultaneously 
as the volts were raised, but not in accordance with 
the quantum theory, a higher voltage being required 
than would follow from the quantum relation. The 
intensity then increased with the voltage, but the 
critical potential was the same for all the lines. 

These results suggested that it was n to 
excite a higher-frequency oscillator before the K 
lines made their appearance. It had been known 
for some time that the absorption of X-rays markedly 
increased as soon as the characteristic radiation of 
a substance was excited. This change of absorption 
was very sudden, and was shown by a sharp absorp- 
tion band in the photographs taken with X-rays 
reflected from a crystal. For example, the absorp- 
tion bands due to the presence of bromine and 
silver in the X-ray plates showed up very clearly. 
A number of fine photographs taken by the Duc de 
Broglie were exhibited to illustrate the sharpness 
and characteristic positions of these absorption 
bands for a number of elements. When metallic 
screens were placed in front of the reflecting crystal, 
the absorption bands observed would be close to one 
another for similar elements and further apart for 
others. This new method of attack was of great 
promise and interest. The recent observations in 
America, that the frequency of the end radiation 
was given by the quantum relation, were in apparent 
contradiction to some previous results obtained 
by himself in conjunction with J. Barnes and H. 
Richardson. They had found that while the end 
frequency of X-rays from a Coolidge tube was in 
approximate accord with the quantum relation for 
low voltages, it departed from it widely at high 
voltages, and appeared to reach a maximum at 
about 150,000 volts; the frequency was not 
measured directly, but was deduced from the absorp- 
tion of the rays by aluminium, by extrapolating a 
special formula connecting absorption and fre- 
quency, found to hold for low frequency. The 





recent experiments of Hull and Rice proved that this 
formula did not hold for high frequencies, and that 
the absorption in aluminium varied strongly at high 
frequencies on account of the predominance of 
“ scattering ” over true absorption. Before coming 
to Newcastle, he (Sir Ernest) had repeated the old 
experiments, with substantially the same results. 
It was clear that absorption results were a very 
unreliable guide to deduce frequencies. He had 
examined the absorption of the end radiation when 
its intensity was reduced to less than one ten- 
millionth of its original value. For a potential 
corresponding to a 13-in. spark between points the 
lowest value found for the absorption coefficient in 
aluminium was 0.23, and the lowest for lead 9, 
over a wide range of voltage. The absorption in 
lead varied very little owing to the presence of a lead 
absorption band in this region. The rays from 
a Coolidge tube had been deteeted through 1 cm. 
of lead. Since the absorption in lead of the y-rays 
from Ra C was 0.5, it was clear that the frequency 
of the penetrating y-rays was much greater than that 
given by a Coolidge tube at the highest practical 
voltage, and very much greater than was previously 
supposed. It would probably prove very difficult to 
fix the wave-length of these very short waves, as it 
was unlikely that either the crystal or the absorption 
method would be effective for the purpose. 

Commenting upon this communication, Professor 
McLennan remarked that such researches had now 
passed out of the range of the university laboratory 
into that of the industrial laboratory, where more 
money and time were at disposal ; such laboratories 
fortunately existed. Sir E. Rutherford, in replying, 
added that when he had concluded that the quantum 
relation seemed to hold, he did not mean that it 
would necessarily hold for all elements and for 
potentials of millions of volts; it would be of 
special interest to find whether there was any limit 
to frequency in the case of the light elements. 


Stncie-Line SpEcTRA AND IONISATION POTENTIALS. 


Professor J. C. McLennan, F.R.S., of Toronto, 
presented a further communication on his recent 
work. It was based upon what he considered the 
epoch-making observation made by Franck and 
Hertz, 1913, while studying the ionisation potentials 
of vapours, viz., that heated mercury vapour gave 
rise to a single-line spectrum when traversed by 
electrons possessing a minimum energy corre- 
sponding to a fall of potential of at least 4.9 volts. 
In this paper on “ Single-Line Spectra and Ionisa- 
tion Potentials’ Professor McLennan pointed out 
that he had so far obtained spectra consisting of a 
single line with the vapours of mercury, zinc, 
cadmium, magnesium. The wave-lengths of these 
were for Hg, Zn, Cd, A = 2536.72, 3075.99, 3260.17 
Angstrém units, and all these lines represented the 
first members of the combination series whose fre- 
quencies were given by vy = 1.5, s — 2, p,; in the 
case of Mg, the A was 2852.22, but this line was 
the first member of another, the singlet series y= 
1.5,8-—-m,p. To bring out these lines the bom- 
barding electrons (from an incandescent filament, 
e.g.) had to possess kinetic energy at least equal to 
that given by the quantum relation Ve = hv, where 
the V was 4.9 for mercury, e the electronic charge 
and h Planck’s constant. When the energy of the 
electrons was gradually increased, no additional 
lines came out until the arc was struck in the 
vapour, the energy then corresponding to v = 1.5, 8. 

Absorption experiments made with the vapours 
had shown that, in addition to the lines mentioned, 
the following lines were most easily produced : 
Hg 1849.6, Zn 2139.72, Cd 2288.79; these lines 
belonged to the same singlet series as Mg 2852.22, 
and there was another Mg line 2026.46. Thallium 
gave lines 3229.88 and 3775.87 belonging to other 
series and behaved like sodium. Mr. R. C. Dearle, 
one of his students, had also found three strong 
absorption lines in the infra red of mercury vapour. 
Professor McLennan’ had himself succeeded in 
obtaining the single line spectrum by feeding 
Bunsen flames with salt vapours; the salts were 
placed in troughs surrounding the burner and 
heated by the blowpipe, or in tubes inside the burner. 
Mercury and zinc then gave the first line, cadmium 
likewise, but with forced draught the second line ; 
calcium, strontium, barium gave each a line belong- 
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ing to the second, the singlet series of magnesium. 
When the conductivity of these flames was measured 
it was found that the addition of vapours of Hg, 
Mg TI increased the conductivity of the flame, but 
the vapours of Zn and Cd did not. In the case of 
Hg the ionisation potential was 4.9 volts, according 
to Franck and Hertz; his conductivity measure- 
ments confirmed this result. Thus ionisation 
potential could probably be deduced by determining 
the single line frequency v with the aid of the 
quantum relation as given, and these single-line 
measurements [M] and the direct determination [D] 
of the ionisation potential gave the following 
values for the ionisation potentials in volts: helium 
20.5, neon 16, argon 12, hydrogen 11, oxygen 9, 
nitrogen 7.5 [D], mercury 4.9 [both methods]; 
zinc 3.96, cadmium 3.74, magnesium 4.28, calcium 
2.89, strontium 2.65, barium 2.20 [M]. The single 
line of magnesium (corresponding to the first series 
of Hg), not mentioned so far, was difficult to stimu- 
late. As regards arcing potentials, Professor 
McLennan concluded, the striking of the arc seemed 
to be due to the action of the positively charged 
ions, whilst the production of the single-line spectrum 
seemed solely due to the bombardment of the 
vapours by the electrons. It was difficult to see 
how Bohr’s conception of the atomic structure and 
of the origin of radiation could adequately explain 
the existence of ionisation in a vapour such as 
mercury, while that vapour simultaneously pos- 
sessed the power of emitting radiations of but a 
single wave-length. 

Opening the discussion, Professor Rutherford 
remarked that it was most important to settle the 
question whether mercury was really ionised at the 
single-line frequency; the issue was vital. There 
was ionisation, he thought, when the arc was struck. 
If Bohr were right, and he naturally inclined to 
Bohr’s views, there could be no ionisation at 4.9 
volts ; when mercury was put in a flame, the com- 
plex system arising was perhaps tot due to 
mercury itself. Professor J. W. Nicholson thought 
progress might be made by an experimental study 
of the different combination series; the series 
of B. Dunz (Tiibingen, 1911), which Professor 
McLennan had adopted, was peculiar. Professor 
W. M. Hicks agreed that the question of the 
ionisation of the mercury vapour was very im- 
portant. If the vapour were ionised, the atom 
threw out electrons, and light was emitted when 
the electrons returned and recombined with the 
atom. Each line arose from some individual con- 
figuration ; the single-line spectrum might be the 
case of one electron drawn from some particular 
place for a particular line. Professor McLennan’s 
curves, we might add, did not show any sudden rise 
in the conductivity of his vapours. 


FREQUENCIES OF SPECTRAL LINES. 


Professor W. M. Hicks, F.R.S., of Sheffield, 
raised the question: ‘“‘ Can the Frequencies of 
Spectral Lines be represented as a Function of 
their Order ?” 

The frequency of a series of lines, he ex- 
plained, could be represented by the expression 
A —N(m-+ py); where A was a constant for the 
element, N the Rydberg constant 109,675, m indi- 
cated the order of the line, m being = 1, 2,3... and 
# was supposed to depend upon m, being a fraction, 
so that the square term might, for m = 30, be e.g., 
30.23. Professor Hicks doubted that a direct 
functional relation between p and m_ really 
existed. In diffuse series showing satellites, for 
instance, the values of » for satellites of the same 
m differed by multiples of the own—a certain con- 
stant proportional to the square of the atomic 
weight—which were not susceptible of representa- 
tion of any simple function. Thus the triplets of 
strontium gave for the differences of the main line 
and the first satellite form = 1,2... 5 multiples 
of 8 given by 13, 12, 15, 15, 15, and for the differences 
of the first and second satellites all the same 
value, 88,. In the doublets of thallium the multiples 
were given by 24, 27, 28, 28,28. Thus the multiples 
were equal, except for the first two 8 (13 and 12 
instead of 15) and that indicated that, even if 
# were a function of m for the main series, it 
could not be for the satellites. Some light was 
thrown on the subject by the recent experiments 


of R. W. Wood and R. Fortrat on the absorption 
spectrum of sodium. They had measured the 
wave-length of the first 57 lines, all correct’ within 
0.001 Angstrémi unit, so that the constant A could 
be calculated to 7 figures. Professor Hicks had 
plotted the results in a curve showing the variation 
between the observed and calculated wave-lengths. 
The deviations seemed to be real, though small, and 
not in accordance with a functional relation, and 
it would seem that these were normal states, deter- 
mined by formule, which were those of the greatest 
stability (or instability), but that in the actually 
emitting atoms those states could only be approxi- 
mated by abrupt changes, just as in a mosaic a 
portrait could only be approximated to by the 
arrangements of small squares, the analogue of the 
unit mosaic square would be the oun. It was 
further interesting that the last three lines of Wood 
(m = 55, 56, 57) deviated widely from the normal 
values. These lines should be represented by s (1) 
— p (55), &c.—where s was the sharp sequence and 
p the principal—but seemed to be identical with 
the Ritz combination lines s (1) — d (55), d denot- 
ing the diffuse sequence. Professor Hicks threw 
out the suggestion that there might, in the ionised 
sodium vapour absorbing the lines, be first a 
change of atoms to a diffuse configuration, followed 
by a change to a principal configuration, and that 
(in Wood’s experiments) the second change had not 
taken place in the last three lines, and the first 
change had not taken place beyond m = 57. That 
would mean that Wood did not observe further 
lines because such lines did not exist, not because 
they were too faint. 

Professors A. W. Porter and J. W. Nicholson, 
discussing this paper, expressed doubt as to the 
reliability of Wood’s frequency calculations ; the 
experiments were valuable, but there seemed to be 
mistakes in his reductions. Professor Hicks replied 
that he had himself noticed mistakes; as regards 
the general problem he added that it was the 
atomic weight they had to deal with in these calcu- 
lations, the atomic number did not come in appar- 
ently ; Professor Nicholson assented. 


PROPAGATION OF A SIGNAL. 


The paper by Professor H. T. Havelock, F.R.S., 
on “Propagation of a Signal in a Dispersive 
Medium,” gave a short account of the mathematical 
methods used in attacking the problem. He 
imagined a medium in which the velocity of simple 
harmonic waves was a known function of the wave- 
length, started and maintained a simple vibration 
in the medium, advancing as 1 plane wave disturb- 
ance, and he discussed the question how the dis- 
turbance reached an assigned place, and how it 
grew to its final steady value. The first definite 
result seemed to have been attained by W. R. 
Hamilton in 1839. Since 1880 the idea of group 
velocity had become prominent in connection with 
the experimental determination of the velocity of 
light, and Kelvin, one of the early investigators 
of this problem, had returned to it in his papers on 
water waves (1904-06). When the initial disturb- 
ance was analysed by the Fourier method, the effect 
at any subsequent time might be expressed by an 
expression giving the sum of simple waves of all 
possible wave-lengths combined with suitable 
amplitudes and phases; but the integrals could be 
evaluated in finite terms only in a few artificial 
cases, and the method developed by Kelvin was 
the group method of stationary phase, which, 
divested of its physical clothing, was a mode of 
calculating the asymptotic value of certain definite 
integrals. This method had recently been extended 
by Sommerfeld, and especially by Brillouin on 
Riemann’s lines. The result of the elaborate 
analyses was that the front of the disturbance 
travelled always with the velocity of light in free 
space, but the first part of the disturbance con- 
sisted of waves of very high frequency and extremely 
small amplitude (the fore-runners); these were 
followed by the main wave of forced frequency, the 
velocity of the front of forced vibrations being the 
game as the group velocity in regions away from the 
region of anomalous dispersion. If a light signal 
struck a refracting surface obliquely, the first part 





of the disturbance would pass through unrefracted, 
time being needed for establishing the ordinary 





refraction. It was doubtful whether this extremely 
small effect of very short duration could be observed 
experimentally ; Colby had mathematically studied 
initial reflection and refraction, but more work was 
needed to give a quantitative estimate.—In the dis- 
cussion Professors G. N. Watson and H. Lamb 
remarked that exact solutions of a few special cases 
were not altogether missing, and had been given by 
Riemann and by A. Schuster. Professor W. H. 
Eccles, D.Sc., Principal of Finsbury Technical 
College, in succession to the late Professor 8. P. 
Thompson, regretted that Professor Havelock had 
not referred to the case of radiotelegraphy. For 
long Hertzian waves the atmosphere was thought 
to be a dispersive medium ; hence the group velocity 
might be different from the phase velocity. The 
problem was especially difficult because the refrac- 
tive index of the atmosphere varied with the height 
above the earth’s surface as well as with the wave- 
length. At the conclusion of the determination of 
the difference of longitude between Paris and 
Washington, by means of signals from the Eiffel 
Tower to Arlington, it had been found that the 
radiotelegraphic signals travelled across the Atlantic 
at a lower velocity than that of light. This was 
perhaps an example of the difference between group 
and phase velocity. 
RADIOTELEGRAPHIC INVESTIGATIONS. 


Professor Eccles, Secretary of the Committee on 
Radiotelegraphic Investigations, reported that 
observatorial work had during the past year been 
carried out at 25 stations (Australia, New Zealand, 
Fiji, Ceylon, Trinidad, Canada, the United States, 
Dutch Indies, Gold Coast). Of the four kinds of 
forms issued, Form I (number and strength of 
strays at 11 a.m. and p.m. Greenwich time) had 
been in most regular use; the stock was almost 
exhausted, and no further editions would be issued 
during the war. The reduction of Form I was pro- 
ceeding, in spite of the great difficulties in finding 
clerical assistance, by the collation of records of 
excessive atmospheric disturbances since August, 
1914, in North America and Australia. The reduc- 
tion of Form II correlated instances of exceptionally 
good or bad transmission with meteorological data 
from Cocos, Fiji, Lagos, Sierra Leone, Malta. 
Exceptional aurore in Alaska and Hudson Bay, 
simultaneous strays on both sides of the Atlantic, 
the effects of a tropical storm in the Gulf of Mexicc, 
September 30, 1915, and of severe atmospheric dis- 
turbances in Malta, would also be discussed. The 
committee expressed its indebtedness to the many 
official and private supporters and collaborators. 

(To be continued.) 





American OrE Docxs.—The Chicago and North- 
Western Railroad Company is stated to be contem- 
lating the construction of a third ore dock at Ashland, 

isconsin, at a cost of 1,500,000 dols. The dock is 
expected to be ready at the opening of navigation in 1917. 
The present docks are of an old type. It is proposed 
that the new structure shall be of concrete and steel. 





Inpian West Coast Rartways.—Mr. G. Richards, 
engineer-in-chief of the Mysore and West Coast Railway 
survey, stated at a recent united planters’ conference 
that the Indian Railway Board sent him down in March 
with orders to carry out a reconnaissance with the view 
of framing a scheme of railway extension so as to provide 
railway communication between a port on the west 
coast of India and the hinterland, including Coorg and 
the adjacent parts of Mysore and British territory, and 
the opening out of the province of omy Mr. Richards 
consitens thas his orders resulted from discussions which 
Sir Robert Gillan, now president of the Indian Railway 
Board, had with planters and officials when he was in the 
district about two years since. Sir Robert Gillan was 
favourably impressed with the prospects of a railway 
from Mysore to Siddapur. is project has been 
vigorous ushed forward by Sir Hugh Daly and the 
Mysore durbar, as well as by the District and 

lanters of Coorg, with the result that it is now in a 


orward state ; and there seems a fair chance of cutting . 


the first sod of a line from Siddalpur or Fracerpet next 
year. The members of the District Board of Coorg have 
resolved to tax themselves in order to finance a Mysore 
to Coorg line. By this means they will get a line into 
Coorg much earlier than they can get one built from 
the revenues of the Indian Government alone. Mr. 
Richards regards a Mysore and West Coast Railway, 
upon which he has to report, as feasible ; but he does not 
consider that any such line will prove cheap, as it would 
entail a sharp descent of something like 2,000 to 3,000 ft. 
down the western ghats, and this descent would require 
some 12 to 18 miles of ey work. The sections will, 
indeed, cost so much that 

forthcoming for more than one or two Mysore and West 
Coast lines for many years, 


money is not likely to be. 
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MULTIPLE DRILLING MACHINE. 

THe machine shown in the annexed illustrations was | 
designed especially for the Langelier Manufacturing | 
Company, of Providence, R.I., for drilling at one 
operation the 12 4-in. oil holes in the outer sleeve of a | 
Willys’ Overland Motor. Another machine was also | 
built to drill the 4 4-in. holes in the inner sleeve. The 
output for each machine was 3} per minute or 2,100 
per day. The machines are identically alike, excepting 
that one has twelve drilling spindles and the other 
four drilling spindles. 

The sleeves A, Fig. 3, are held and located in their | 
drilling positions by an internal expanding arbor B 
mounted in a tailstock that slides upon ways in line | 
with the axis of the machine. The expanding arbor is | 
opened and closed automatically by compressed air. | 
The construction consists of a split sleeve that is 
attached directly to the piston of the compressed air 
cylinder. Inside the sleeve is a fixed arbor D with a 
tapered end that is attached to the cylinder head. A 
slight travel of the sleeve upon the tapered portion of 
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the fixed arbor will cause the sleeve to expand and hold 
the work firmly. Excess movement is avoided by a | 
stop collar on the sleeve and tapered arbor. 

The air to the cylinder is controlled by a small | 
piston valve attached to the tailstock at the rear and | 
operated by contact with a fixed stop attached to the 
tailstock slide. The tailstock o in Fig. 3 is shown in | 
its outer or loading position. The drilling position is 
obtained by the sleeve to be drilled coming in contact | 
with a stop E located inside the drill jig u. This | 
stop can be adjusted at the left end of machine. | 
The tailstock is also automatically locked when in its 
drilling position and is unlocked by a foot pedal 
situated at the front of the bed. The lock is adjustable | 
and can be set to suit the drilling position. 

The drilling heads @ are located radially 90 deg. 
apart upon a circular face-plate H that is mounted 
upon a column J attached to the bed. The drilling 
spindles K are driven by spiral gears, the drivers extend- | 
ing to the rear and having pulleys on their ends. The | 
spiral thrust of both drilling spindle and driving shell 
is taken up by ball thrust bearings. The drilling feed | 
of spindles is operated by the hand-wheel at the right 
of Fig. 2. It has a spur gear connection to a rim gear | 
located inside and concentrically to the face-plate. 
The rim gear carries a segment feed cam for each head | 
that has roll contact with the feed yokes of each drilling | 
head. The yokes have a clamp connection to the sleeve | 
on the outer end of the drilling spindles. This clamp | 
connection provides a ready means for adjusting the | 
feeding position of the drilling spindles. 

The drilling-spindle driving pulleys are driven by an 
endless belt that in turn is driven by two large drivers 
that are geared to the main driving pulley. The main 
pulley is connected by a belt to the tight and loose 
pulley drive attached to the bed. Belt contact is 
obtained by a pulley mounted upon a radial movable 
arm to act as a belt tightener. The belt is shifted by 
the hand lever on the bed. 

The drilling jig has a compressed air arrangement 
that blows out the chips. The drill speed is 2,500 
r.p.m. and the tight and loose pulleys speed is 446 
r.p.m. The floor space is 4 ft. by 6ft. l}in. The| 
height is 5 ft. 9 in., and the net weight 3,500 Ibs. | 








University or BristoLt.—We have received the copy | 
of the calendar of the Merchant Venturers’ Technical 
College, which provides and maintains the above-named 
Faeulty, from which we note that the courses include 
schemes of study for persons intending to engage in 
Civil, Mechanical or Electrical Engineering. The 
department of Automobile Engineering has been closed 
for the duration of war as the Protease of that depart- 
ment is doing important work in connection with 
munitions. 





MULTIPLE DRILLING MACHINE FOR OIL-HOLES. 


CONSTRUCTED BY THE LANGELIER MANUFACTURING CO., PROVIDENCE, R.I., U.S.A. 
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In modern high-speed gearing the width of the 
wheel is a large multiple of the pitch, and many 
engineers contend that owing to the flexure and the 
torsion of the pinion the pressure over the teeth must 
be far from uniformly distributed. An inferesting 
method of preventing any excessive concentration of 
the load on any part of the teeth of such wheels is 
illustrated above by Figs. 1 and 2, which represent a 
double reduction gear used by the General Electric 
Company of Schenectady for coupling up a high- 
speed steam turbine to a low-speed continuous-current 
generator. As will be seen, the adoption of the double- 
reduction principle gives a very compact gear-box 


much less bulky and less heavy than if the whole | 


reduction had been effected by a single gear. There 
is, of course, some slight increase in the frictional 
losses, but as these are of the order of only some | per 
cent. to 14 per cent. per set of gears, the additional 
losses are immaterial. The main novelty of the gear 
lies in the construction of the large gear wheels. One 
of these is shown separately in Fig. 2, and if closely 
examined it will be seen that the whole face of the 
wheel is built up'of several narrowstrips, each separated 
from its neighbour by a small interval. This con- 
struction of the wheel is still more clearly shown 
in the diagrammatic sketch, Fig. 3, which shows that 
the whole is built up of a number of thin discs 
assembled on the same boss and solidly bolted together 
at their inner peripheries but standing free from each 
other at their outer. As originally assembled, however, 
before the teeth are cut, the outer peripheries of the 
various discs are also in contact, narrow bands being 
left at the outer rim in order to ensure this, as indicated 
in Fig. 4. This provision is necessary in order to 
enable the teeth to be cut without springing the 
dises. The teeth are of the ordinary double helical 
type and are cut in any ordinary gear cutter. When 
this operation is finished a narrow cut is made between 
the dises so as to remove whatever remains of the 
narrow band by which contact was maintained between 
the outer rims of the discs during the operation of 
gear cutting. After this operation each disc has 
considerable axial flexibility, and hence if, when the 
wheel is in gear, the load tends to be concentrated 
on any one of the discs, the latter bends axially, since 
the teeth are of the helical type. In this way the 
dise relieves itself of the excess pressure and ensures 
a fairly uniform distribution of the load transmitted 
over the whole face of the wheel. 





THE FIRE RESISTANCE OF REINFORCED 
CONCRETE. 
_ Wurst the war emergency work of the British Fire 
revention Committee precluded the issue of an earl 
port on the important fire at the Edison Phonageagh 


sashes and 


published by the Committee as ‘“‘ Red Book’’ No. 204, , 
the price of which is 3s. 6d. The importance of the | 
report on this fire to engineers, architects and building 
owners lies in the fact that the buildings were of re- 
inforced concrete, and this is the first time that a fire 
of great severity and wide area in a building constructed 
of reinforced concrete has been under careful technical 
observation. The fire was not only a very serious one 
but very intense ; and whilst all other forms of con- 
struction and contents became a heap of ruins the con- 
crete buildings remained, with the exception of a com- 
paratively small section, and could be reinstated in a 
remarkably short time. The report issued by the British 
ire Prevention Committee, which is from the pen of 
|Mr. F. J. T. Stewart, Chairman of the Committee’s | 
allied organization in the United States, describes the 
course of the fire, gives a detailed description of the 
| damage done, the effect of the fire on the material, the 
| temperatures developed, the conclusions arrived at and 
|some notes on the reconstruction. Seeing that the | 
| structures under review were erected as far back as 1905, 
| when the modern practice of reinforced concrete was not 
yet existent, the showing is certainly remarkable. A 
| large number of defects in the design of the reinforce- 
| ment are noted in Mr. Stewart’s report. He observes, 
| moreover, that the square type of column proved very 
| much inferior to round columns in their fire-resisting 
| properties, and he surmises that the floors have lost much 
| of their original carrying capacity, although they have 
not collapsed. 

Amongst the lessons learned, however, is that of the 
necessity that even in this class of construction the 
| buildings should be divided up in fire-tight compartments 
}and the exposure risk provided against by suitable 

ico-cetiating glazing. Had such safeguards 
m provided for limiting the extent of this fire, the 





| outbreak should have been readily confined to within | 


reasonable limits. The ‘“‘Red Book” of the British | 
Fire Prevention Committee is profusely illustrated with 
some twenty photographs, and also with two plans and | 


| certain diagrams. The publication of the report has been 
|made possible during the war by the courtes 
| co-operation of the Committee’s colleagues in the United 


and | 


States, who have rendered the members of the technical | 
professions in this country valuable assistance in the 
matter of obtaining this reliable record. 





GERMANS IN British Concessions.—The following 
information, published in The London and China Tele 
graph, upon German activities in China, is from the letter 
of a correspondent in that country :—‘‘ The Germans in 
China are being maintained by their Government out of 
the proceeds of the Boxer indemnity, and large numbers 
of them are being employed in the various German 
Consulates compiling statistics and information for post- 
war trade. Germans are actively e in carrying 
out a strong anti-British propaganda in China, and the 
most active centre of this is Tientsin. The surprising 

| — of this is that this propaganda is carried on from the 
ritish Concession, and no attempt whatever is being 





made by British Consular officials to put a stop to this. 
The attitude of the British Government in this matter is | 
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firm of, ———— and Co., me ty agents, being right 
alongside and overlooking the ritish Consulate. 
Germans are building great hopes on their trade with 
China after the war, and these hopes will be justified 
unless our Government takes active steps. An effective 
step would be to prevent German — from using British 
ports as they did before the war; but if German ships 
can call and coal at ports en route fromEurope to the Far 
East and vice versa it will be disastrous. he Germans 
make a point of stating to the Chinese that we shall be 
compelled to grant them the same facilities after the war 
as we did before it.” 





Ports in THE Matay States.—Some years ago, when 
the question was discussed of providing better facilities 
for landing and shipping goods for the northern part of 
the Federated Malay States, the beautiful harbour of 
Lumut, in the Dindings, was advocated as the best site. 
There are, however, difficulties in the way of making a 
port there, and chief amongst these difficulties is the fact 
that it would not be a very safe harbour. Its approaches 
are not eagy, and the cost of constructing a safe harbour 
with its connecting line of railway would be altogether 
excessive. Moreover, the linking up of the Federated 
Malay States Railway system with that of Siam on the 
Perlis frontier, which it is hoped will be effected next 
year (1917), has indicated Prai as the natural site for 
a port for the services of Northern British Malaya, and, 


- | indeed, for all the Peninsula served by the railway to 


the north. Investigations have already been made 
with a view of improving the landing and shipping 
facilities at Prai, and a report has been pre by 
the consulting engineers, Messrs. Coode, tthews, 
Fitzmaurice and Wilson, on the proposed works. This 
report, with its accompanying plans, was received in 
September, 1915, and is now in course of reproduction, 
and will shortly be forwarded to the Colonial Government 
for their consideration and approval. The works 
recommended are:—(1) A pier 1,200 ft. in length ; 
(2) an extension up the river of the pier to form a deep- 
water wharf; (3) a further extension to form coaling 
berths ; and (4) the dredging of the river. The estimated 


\Vorks in New Jersey, U.S.A., during the winter before | surprising. All the principal German firms have their | cost of these works is 864,2501., exclusive of equipment, 
st, @ technical description of this fire has now been offices and own property in the British Concession, the ' which will cost about 95,0001. 





: 
| 
| 
| 











324 ENGINEERING. 








aaa ‘ »» | Mississippi, particularly in respect to engine framing- 
THE TWIN-SCREW MOTOR-SHIP “PERU. In the case of the Peru it will be seen that the framing 
WE illustrate on Plate XXX, on the present 


e, | is built up. Each column, as seen in the perspective 
and on page 330, the twin-screw motor-ship Peru, | view of the engine (Fig. 12), forms one leg of a trestle, 
which is the latest addition to the large fleet of Diesel-| and four such trestles support each group of three 
engined vessels built and fitted with their machinery | cylinders. These trestles are connected fore and aft 
by Messrs. Burmeister and Wain, of Copenhagen, for | by the guide plates and by cast-iron box girders at the 
the East Asiatic Company of the same city. The | back. The crank chamber is enclosed by sheet-iron 
vessel is the twentieth motor-ship launched from the | doors, which can easily be removed for inspection. The 
yard, and the firm have under contract motor-ships of | retention of forced lubrication is a good feature ; for 
an aggregate deadweight tonnage of nearly 350,000 tons. | such Diesel engines it has few disadvantages to be set 

Figs. 1 to 3, on P XXX, illustrate the general | against its many good points. In the view in Fig. 12 
arrangement of the ship, while Fig. 11, on page 330, | the engine is shown on the testing bed in the shops, 
is a photographic view. The principal dimensions | bolted down to the testing-shop girders. The small 
of the vessel are as follow :— | flywheel has teeth for the turning Gear and is arranged 

| on the thrust shaft at the after end of the engine, while 


I h over all ... pane «-» 442 ft. A : “ 

pana era 3 perpendiculars 425 ft. 54 in. _ abaft it there is seen the dynamo by which the power 
Beam, moulded zo an | output was measured during the tests, but, of course, 
Depth to shelter deck ... . 38 ft. 6 in. | as seen in Figs. 4 and 5, this dynamo forms no part of 
Depth to main deck . 80 ft. 6in. the ship’s installation. 

Gross tonnage ... -- 5,684 tons. | Each engine is fitted with ‘a three-stage main com- 
Deedweigit a po seeee . | pressor driven by a crank at the fore end of the crank- 


- : ‘ie | Shaft. These compressors provide the necessary air for 
opt ss eee ee note. | thoiadeation of fest, thinals belagetaelliaadaneanen 

The ship is built to Lloyd’s 100 A* class, with a | air vessels, of which three are fitted, one for the working 
double bottom extending right fore and aft, which is | air and one spare bottle for each engine. Messrs. 
utilised for the fuel oil for the propelling machinery. | Burmeister and Wain’s practice has, up till recently, 


This gives a sufficient capacity for more than a complete 
voyage round the world, so that the vessel may take 
in her bunker oil for the round voyage at the most 
convenient port, a fact which considerably influences 


been to drive separately, by means of auxiliary Diesel 
| engines, the first three stages of a four-stage air-com- 
| pressor system for injecting the fuel into the working 
| cylinders ; only the last and fourth stage of the com- 


economy. The hull is otherwise divided into six | pressor was driven off the main engine crankshaft. In 
watertight compartments by transverse bulkheads, as | the engine now illustrated the compression is carried 
shown in Fig. 1, and in addition there are three steel | out in three stages entirely in a compressor driven from 
decks. | the forward end of the”main engine crankshaft. The 

The vessel has accommodation for 10 first-class | air is cooled between the stages. The high-pressure 
passengers in a deck-house forward, as shown in the | air bottles for the fuel-injection air are placed between 


inseial “ 


Fig .8. FRAME 16. 
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per hour, used for pumping up the fuel oil from the 
tanks in the double bottom to two daily supply 
reservoirs placed in the engine room, as shown in Fig. 4, 
containing sufficient oil for 12 hours’ running at full 
load. These are used alternately, so that the oil may 
stand 12 hours in the reservoir before being used, and 
so enable water and dirt to settle and be drained away. 
There is also a ballast pump (a rotating wing pump) 
with a capacity of 150 tons per hour, driven by a 
toothed-wheel transmission from the electric motor, 

The compressor for supplying the manceuvring air 
is of the vertical two-stage type, directly coupled to the 
electric motor, and capable of supplying the necessary 
air of 25 atmospheres to two manceuvring air reservoirs. 
This compressor serves also as a standby for the supply 
of air to the main engines; if either of the main engine 
compressors is stopped, it is capable of delivering, in 
association with the remaining main engine compressor, 
the necessary air for full load on both the main engines. 
The manceuvring air compressor is of the same type 
as those on the main engine, but is smaller in size. 
It, however, gives the same output, because it is run 
at a higher speed of revolution. There is one steam- 
driven air compressor for use if all the air is taken 
from the air bottles, either by inadvertence on the part 
of the staff or when the ship has been laid up. This 
compressor is used for filling one of the reservoirs 
for one of the auxiliary Diesel engines, and the supply 
can be provided in two hours. The mancuvring air 
pump is then started and supplies air to the manceuvring 
air reservoirs, and at the same time the air reservoirs 
for the main engines are filled up from the auxiliary 
engine; thus the whole plant can be started up. 
There is a boiler with cross tubes giving a surface of 
100 sq. ft., and fitted with oil fuel burners. This is 
for running the steam-driven air compressor. 

The lubricating oil is stored in two tanks under the 
































plan of the shelter deck, Fig. 2. The captain’s accom- | the engines, as shown in Fig. 5. We have previously 
modation is above the passengers’ quarters. In a| commented upon the practice of having the main 
deck-house on the shelter deck, alongside the engine engine compressors driven from the main engine itself. 
casing, are the engineering officers’ quarters, and over | In steam practice generally the development lately 
these, as shown in Fig. 3, is the accommodation of the | has been to work the auxiliaries as far as possible 
Marconi wireless installation and its operators. The | separately from the main unit. With turbine-driven 
crew's quarters are situated aft, and are divided up | vessels this is almost entirely so, with the exception 
into smaller compartments than is usually the case. sometimes of the lubricating oil plant. While there is 
As is shown in Fig. 1, there are five main holds, and | doubt as to reliability in either the builder’s or user’s 
the capacity of each of these, and that for cargo | mind, the provision of separate auxiliaries, one working 
between decks, is given. Each hatch is commanded, | and one spare, is entirely commendable as making for 
as shown, by two steel booms from the masts, and the utmost reliability of the main unit—the Diesel 
in addition the vessel has a 15-ton and a 20-ton derrick. | engine in this case. The advantage of driving the 
The winches, like the whole of the deck machinery, are compressor from the main shaft itself, apart from the 
electrically operated. There are eight 3-ton winches, | greater ease with which the plant can be handled and 
four of 5 tons, and two of 1} tons. The windlass, | watched when running, is that when manceuvring 
manufactured by Messrs. Clarke, Chapman and Co., | with the main engine, and the order comes to “ run 
is for 2,4-in. cable. The steering gear is of the Hele- slow,” the compressor slows down at the same time as 
Shaw electric hydraulic type, made by Messrs. John | the main engine, and so automatically, after a few 
Hastie and Co. The builders and owners have both | seconds, reduces the air delivery required to inject the 
found from experience that the electrical auxiliary | fuel into the working cylinder at the slower speed of 
system has proved itself highly successful, alike from | revolution. With Diesel engines the air compressor for 
the point of view of simplicity and reliability. Indeed, supplying air for injecting the fuel is a unit of funda- 
the equipment generally nas been dictated by con- mental importance. The main engines are fitted with 
siderable experience, therefore the drawings which we | six fuel-oil pumps, one for each cylinder. These pump 
reproduce are interesting, particularly as the Peru and | fuel oil to the fuel valves in the cylinder heads. 
her sister ships, the Columbia and Chile, are the largest | Reversing is effected by compressed air, according to 
of the motor-ships so far built by Messrs. Burmeister | Messrs. Burmeister and Wain’s system, the air being 
and Wain. | taken from the manceuvring air reservoirs. Of these 
The propelling machinery is, from the same stand- | there are two, built for a pressure of 25 atmospheres. 
point, of special interest. Designed to develop collec-| The auxiliary machinery in the engine room, which 
tively 3,100 i.h.p. when running at 125 r.p.m., the two is grouped as shown in Figs. 5 to 7 on Plate XXX, 
sets each have six cylinders, as shown in Figs. 4 to 6, | is electrically driven, and for the generation of the 
on Plate XXX. The diameter of each cylinder | necessary current there are fitted three auxiliary 
is 630 mm. (24.8 in.), with a stroke of 950 mm. (34.7in.). | Diesel engines. These are of the four-stroke enclosed 
The engines, of which a perspective view is also given forced-lubrication type, each having two cylinders 
in Fig. 12, on page 330, are of the enclosed forced- | 325 mm. (12.8 in.) in diameter and 350 mm. (13.8 in.) 
lubrication direct-reversing type and work on the | stroke, capable of developing 90 brake horse-power 
four-stroke cycle, to which Messrs. Burmeister and | when running 300 r.p.m. Each engine is directly 
Wain have adhered throughout their work on marine | coupled to a dynamo of 60 kw., working at 220 volts. 
motors. Generally the engines follow very closely the | These auxiliaries include two horizontal circulating 
general practice of the makers. Their type of engine | centrifugal pumps directly coupled to electro-motors ; 
we fully described in detail in connection with the | two lubricating oil toothed-wheel pumps, also directly 
motor-vessel Mississippi,* built at the Scottish works | coupled to electro-motors; and two sets of bilge, 
of the firm. The Copenhagen practice differs some- | sanitary and piston-cooling water pumps, made as 
what from that adopted for the Diesel engines of the | single-acting comeee pumps and driven by toothed- 
- + wheel transmission from electro-motors. There is 
* See Encmverrnre, vol. xcix, page 209. also a daily supply pump for a capacity of 50 tons 





main engines, one for each engine, while the auxiliary 
Diesel engines have their bedplates so arranged that 
the lubricating oil necessary for their working is stored 
independently of the supply for the main engines. 
It may be added that all the pumps and compressors are 
of Burmeister and Wain’s own make. 

Reference may be made to the ventilation of the 
engine room. In Diesel engine ships generally the 
main engines in their working cause a very considerable 
displacement of air in the engine room. Moreover, the 
radiation from such engines is comparatively insignifi- 
cant, all the parts subject to flame being water-jacketed, 
so that in any case the engine-room temperature is 
little in excess of that of other parts of the ship’s interior. 
In order, however, to ensure that the starting platform 
may be cool and comfortable, ventilators are provided 
as shown in Figs. 6 and 7 on Plate XXX. 

Satisfactory results were got on the trial runs, which 
were made on August 22. The speed on _ the 
measured mile averaged 12.74 knots, with the engines 
developing 3,685 i.h.p. and running at 139.3 r.p.m. 
The fine lines of the ship aft, indicated in the sections 
(Figs. 8, 9 and 10) illustrating the propeller-shaft 
bearings and propellers and the method of bossing out 
for the propeller-shafts, contributed to this satisfactory 
speed. During the four hours’ consumption test the 
total consumption of fuel oil proved to be 501 kg. 
(1,104 Ib.) per hour, including that for the auxiliary 
machinery. At the average horse-power, 3,461, the 
consumption per indicated horse-power per hour was 
thus 144.8 grammes (0.32 Ib.). The fuel oil used was 
Borneo crude oil of a heating value of 10,000 British 
thermal units per pound. 

These figures for fuel consumption show the re- 
markable economy of the Diesel engine over other 
types of prime-movers so far applied to the propulsion of 
vessels of the type. It should, moreover, be poin 
out that with a Diesel engine consumption should not 
in practice, under ordinary conditions of running, exceed 
the best result to any considerable extent. With the 
steam engine glands may leak, boiler tubes, &c., fail, 
and the firing may be uneconomical, due to conditions 
in the stokehold; all these contribute to higher 
consumption than is attained on trial. With the 
Diesel engine, however, there are no parallels; un- 
satisfactory adjustment of fuel valves and pumps can 
cause high consumption, but if not imm ately 
corrected these may cause results far more serious than 
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mere lack of economy, so that the mistake is always 
promptly remedied. 

After the trial trip the Peru went into the present 
free port to take cargo on board, and, on August 24, 
two days after the trial, she started on her maiden 
voyage round the Cape of Good Hope to Australia. 





INDUSTRIAL NOTES. 

Tue Minister of Munitions announces that he has 
made further Orders under the Munitions of War Acts, 
1915 and 1916, under which 107 additional establish- 
ments have been declared controlled establishments. 
The total number of controlled establishments under 
the Munitions of War Acts, 1915 and 1916, is now 4,319. 





There is a shop in New England, says the American 
Machinist, New York, that produces a large quantity 
of intricate drop forgings, which necessitates the 
operation of an extensive tool-room in which all the 
dies for the work are made. This department is well 
equipped with modern machine tools. Operating 
the machines and working at the benches are employees 
who resemble very closely those found in any other 
like department. They appear to be capable men 
and go about their work as if they understood it. 
And the work is not simple by any means. The strange 
feature about all this is something that is not evident 
on the surface. It is claimed by the manager of the 
shop that not one of the sixty-odd men employed in 
the department is an experienced die-maker or has 
had previous training in this work. As a matter of 
fact, the skilled die-makers who had been previously 
employed in the shop left the locality for the more 
profitable fields that developed from the demand for 
munition making, and which carried away not only 
skilled die-makers, but the semi-skilled as well. One 
of the men employed was pointed out as an ex-chauffeur 
who had been in the shop for two months. If it had 
not been for the known veracity of the informant this 
statement would have been received with considerable 
doubt, as the class of work which this man was engaged 
upon was considerably above the average. In this 
connection, our American contemporary adds that a 
decrease in the available supply of skill must be over- 
come by an increase in the grade of supervision. In 
this particular plant, although skilled men have been 
replaced by others not skilled, dies are still made, 
forgings are still made, costs have not been materially 
increased, nor has quality been reduced. Examples 
of this kind bring up the question as to the extent to 
which intelligent supervision can replace skill. 





We read in The London and China Telegraph that 
after many postponements the Factory Law has at 
length come into operation in Japan. The most 
important regulations are those dealing with the 
restriction of working hours and the assistance to be 
granted in case of sickness and injury suffered while 
engaged in work. We learn from a Japanese news- 
paper, adds the Telegraph, that in case of sickness 
or in that of an injury received by a workman the 
employer is required, under the new regulations, 
to bear all the medical expenses and pay half or a 
third of the wages. If the sickness or injury is not 
cured after the lapse of three years, the employer may 
commute the relief by giving the workman a lump 
sum corresponding in amount to his wages for not less 
than 170 days. The employment of men and women 
suffering from contagious diseases or consumption is 
prohibited, as well as of women within less than five 
weeks of their confinement. It may be hoped that 
these and other provisions will go a long way towards 
ensuring the health and material interests of the working 
people and the improvement of their condition. There 
are, however, two rather curious features in the new Act 
which have created some comment. One is that its 
stipulations are not applicable to workpeople employed 
in the State factories, and the other is that the regu- 
lations allow a lengthening of the working hours in 
respect to factories engaged in turning out raw silk 
and silk textiles. It would perhaps have been better 
to have avoided these exceptions, but when the new 
Factory Law gets into working order it will be better 
seen where it is deficient; it will doubtless in due 
course be amended and its scope enlarged. 





According to The Iron Age, New York, a circular 
recently issued by a firm of bankers and brokers in 
New York, and referring to the great desirability of an 
amicable adjustment between railway managers and 
railway labour, states the following :— 

“Neither side desires more Government control. 
Both the unions and the railroads are managed by 
reasonable business rules. A compromise under which 
both sides would share in prosperity and adversity is 
engaging some of the greatest railroad legal minds. 
If all railroads had equal resources, there could be a 
sliding seale of wages and profits. As it is, a sliding 
scale of wages and rates would seem to be a fair 
proposition,” 








Commenting on this paragraph, our contemporary 
says that if the labour controversy could be adjusted 
by applying a sliding scale railway managers would 
be relieved from the recurrence of a demand for 
higher wages whenever conditions may seem to present 
to the men a favourable opportunity for exerting 
pressure. Undoubtedly quite a problem would be 
encountered in seeking a satisfactory basis on which 
to build a sliding scale. The main difficulty would be, 
of course, to find a basis satisfactory to both sides, 
If such a basis could be agreed upon, the employees 
would fully and equitably share in the profits of railway 
operations in such prosperous times as are now being 
enjoyed in the United States. They would naturally 
object to assisting the railways in enduring the stress 
of bad times and poor returns, but the scale would 
have a minimum insuring fair earnings. The business 
world would hail with great satisfaction such a solution 
of the railway wage problem. 





We are informed that a committee of seven members, 
including Mr. Bellamy as chairman, has been nominated 
on behalf of the National Union of Railwaymen to 
draft a new conciliation scheme for regulating wages 
on the British railways. Four of the members, Mr. H. 
Kegie, Gateshead; Mr. W. J. Abraham, Sheffield ; 
Mr. H. C. Charlton, Kentish Town ; and Mr. W. Benton, 
Leeds, have been appointed by the Railwaymen’s 
Congress, whilst three represent the Executive 
Committee. 





When taking over the duties of his office for the 
third year in succession, the Master Cutler of Sheffield 
made reference to the great share which that city had 
taken in connection with the war. Taking into con- 
sideration munitions of war in the larger sense, guns 
of all sizes and their projectiles, together with the 
important parts of shipbuilding, the proportion of 
manufacture carried out in Sheffield to that of the 
whole country must, he said, be a very great one. 
This happy and useful fact was the result of Sheffield 
in times of peace being so thoroughly equipped with 
large steel and engineering works capable of diverting 
their industries in many directions, also of the great 
changes which had been introduced in guns and marine 
engineering. The remodelling and re-equipment of 
plant thus necessitated in times of peace had been an 
education to employers which had certainly been of 
assistance to them in effecting the necessary changes 
brought about by the war. He also stated that the 
volume of work carried out in Sheffield and vicinity had 
been enormously influenced by the satisfactory way in 
which the workmen of all classes had applied them- 
selves to their duties, and all credit must be given to 
them for this fact. There had been questions at 
issue which had required the greatest tact to deal with, 
but the great fact that work had continued uniformly, 
and that overtime to a great extent had been worked 
willingly, had enormously increased the output. Both 
employers and men had had to face vexatious regula- 
tions affecting their industry, rendered necessary by 
the special stress of the nation, and, on the whole, they 
might feel gratified with the spirit in which they had 
been accepted. Sheffield had for many years past 
acquired what he called “‘ the habit of industry,” and 
that had prepared them for facing a long period of 
continuous work, involving personal sacrifice in many 
cases, with a determination to do their duty. 





FOREIGN SHIPBUILDING ACTIVITY. 


THE erection of new shipyards and the extension of 
existing establishments goes on at a rapid rate in almost 
all countries. At Figeholm, in the Kalmar district, 
Sweden, a company has been formed for the construction 
of a shipyard and dry dock. At Uddevalla, Sweden, 
a site for a shipyard has been secured from the town for 
a period of 99 years, and it is proposed to build motor 
vessels up to 1,000 tons. 

A number of ice-breakers and tug-boats have been 
ordered for Swedish account, principally at home yards, 
but an order for a very powerful combined ice-breaker 
and tug has been placed in Holland; its name is 
Saturnus, and it is being built to the highest class of the 
German Lloyd’s. A large steamer company has been 
formed in Helsingborg, Sweden, two boats, of respec- 
tively 3,000 tons and 4,500 tons, having been bought in 
Norway. 

The Kockmir shipyard in Malines is very fully em- 
ployed, the yard having orders and work in hand for a 
considerable future. Two new cargo steamers, each of 
2,200 tons, for Swedish owners, have recently been 
commenced, and if the supply of the necessary material 
from abroad does not place too many obstacles in the 
way, these two boats will be ready in the course of next 
year. The work on the large new Swedish ironclad, 
Gustaf V, has been hampered through shortage of foreign 
materials, but the hope is entertained that the ship will 
be delivered at the contract time. The repair work on 
the Fridland will not be finished till January next year 
and will entail an expenditure of 55,0001. The engine 
por too, are fully occupied, also with somé foreign 
orders. 


In Denmark the iron ship department of the old King 





Andersen yard has been formed into a separate company, 
which will be cuanidocabte enlarged, and which, it is 
understood, will make a leading speciality of a four- 
masted schooner with a capacity of about 600 tons d.w. 
and a four-cylinder motor of 160 effective horse-power. 
These vessels will have a double bottom for their whole 
length, capable of holding 150 tons of water ballast and 
25 tons of oil; the draught is 7} ft. empty and 13 ft. 
loaded. The motor alone gives a speed of 7} knots, 
and with sails as much as 12 knots can be achieved. 
A plan has also been proposed for the erection of a 
large shipyard at-+Aarhus, the next largest town in 
Denmark. By filling up to some extent, s will be 
provided for six slips and there will be provided a float- 
ing dock, large enough to accommodate vessels of 5,000 
tons, in addition to which there will be ample quay 
accommodation and areas for machine shops, Ie. The 
erection of large yards for the building of very big vessels 
has also been projected at Bandholm and y an By both 
in the smaller Danish islands; these are ambitious 
schemes. 

At the new Ridby yard in Denmark the keel for the 
first vessel is about to be laid. Building will be con- 
fined to steel motor and sailing vessels. A slip capable 
— “ye — > Md 4,000 a been yee 

e inore pbuilding an ngineeri mpany 
during the past financial year earned net quale der 
ing to 700,000/., and a dividend of 30 per cent. will be 
declared. 

The formation of a number of new fishing companies 
in Denmark is also likely to give additional work to the 
peste, although the first beginning is generally made with 

ts bought from private owners. New companies, 
often with a substantial capital, have thus been formed 
in Esbjerg, Aarhus, Lemvig, Struer, &c. 

To show the shipping boom in Norway it may suffice 
to state that in the early part of September 129 shipping 
companies had a nominal capital in the aggregate of 
244,000,000 kroner which, according to current rates, now 
represents 765,000,000 kroner, an average of 315 per cent. 
premium, five being quoted between 700 and 800 per cent. 
premium, and one between 900 and 1000 per cent. 

In Norway, too, new yards, or, still more, extensions 
of old ones, are the order of the day, mainly for the con- 
struction of large steel schooners of about 3,000 tons, 
with four pole masts, after the American system, and 
fitted with two motors, large hatches and efficient loading 
and discharging appliances. 

The shipbuilding activity is, of course, not confined 
to the neutral countries. In Marseilles, for inst , the 
construction of a new shipyard has been decided upon, 
under the style of Sociste Provengale de Constructions 
Navales, with a capital of 7,000,000 francs paid up, to be 
increased to 10,000,000 francs later on. he new com- 
pany is to take over some existing works, and new ones 
will be erected on a site belonging to the Messageries 
Maritimes. 

The war has also caused the Chinese and Japanese 
yards to be very busy. In spite of extremely cheap 
labour Chinese yards cannot under ordinary circumstances 
compete with European shipbuilding establishments, on 
account of the high prices for raw materials, but the 
war has altered this. In Japan w are higher but 
materials are cheaper, although they have risen 50 to 70 
per cent. during the war. At least five Norwegian 
steamers are being built in China at present, one, the 
Valuta, having already been launched. The Hong Kong 
and Whampoa Dock Company has three steamers in 
course of building for a Haugesund firm, in addition to 
two Chinese cargo steamers and two boats for Siam. 
In Yokohama a new yard has been formed, with a 
capital of 375,000/., and in November the keels should 
be laid of three steamers, each of about 11,000 tons. 
The Kawasaki yard has 11 steamers building, which all 
ought to be ready by the end of next year, and which 
have an aggregate tonnage of about 100,000 tons, all for 
home companies. The Mitsubishi yard is also very 
fully employed. 

South America seems to have profited by the example 
set by the Northern States, inasmuch as the country’s 
first shipyard a opel was opened in Rio de Janeiro some 
little time ago with much ceremony, the President of the 
Republic and many high officials being present and 
pom eregee A pen emphasising the importance of the 
event. © new yard is located on an island, Ilna de 
Vianna, in the harbour of Rio de Janeiro. The works 
are on a very large scale, both the dry dock and the 
machine shops; and the slip, which has now been added, 
with all auxiliary plant, will enable the yard to build 
vessels up to 10,000 tons d.w. 








Tue AMERICAN Steet Trust.—For the first time in 
the history of the great Steel Trust has its shares risen 
above par, being quoted at 103} the second Saturday in 
September. These shares have fluctuated greatly, having 
even during the war been as low as 38, in 1915, but their 
lowest depth was reached in 1904, when they went right 
down to 8§. The amount of orders in hand at the end 
of the different ths has fluct 
the highest figures so far bei 
of the present year, when the aggregate amounted to 
9,928, tons, since which time a slight decrease has 
taken place, the figure for August being 9,660,000 tons. 
The first months of the war were marked by a slight 
decrease in orders and it was not until September last 
year that the orders in hand, after a very ual 
growth, exceeded 5,000,000 tons. Since then the rise 
in orders has been rapid and incessant, the zenith, as 
mentioned, being reached in May this year. The lowest 
figure during the last five years, 3,111,000 tons, was in 
January, 1911. Even more rapid than the amount of 
orders in hand have the profits risen, from a surplus of 
10,930,000 dols. for the fourth quarter of 1914, to 
81,260,000 dols, for the second quarter of the present 
year. 
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Fig.18. PLAN OF IMTERNATIONAL SMELTING CO’S PLANT. 
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(For Description, see opposite Page.) 


Fig. 20. CONVERTER PLANT, INTERNATIONAL SMELTING Co 
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Fig.19 CONVERTER PLANT INTERNATIONAL SMELTING Co. 
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Figs. 23 & 24. SKULL BREAKER, 
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Fig. 25. SKULL BREAKER, INTERNATIONAL SMELTING CO. 
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Fig. 26.GENERAL ELEVATION AND 
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FEATURES OF THE NEW COPPER- 
SMELTING PLANTS IN ARIZONA.* 
By A. G. McGrecor,f B.S., Warren, Ariz. 

(Concluded from page 214.) 
ARRANGEMENT OF CONVERTER PLANTS. 


South-western practice is to have the converter plant 
adjacent to the reverberatory furnaces, and arranged 
so that the reverberatory matte is received through 


launders into ladles directly under the converter plant | 
may be | 
ack into | 


crane; also arranged so that the converter slag 
poured from ladles by the converter crane 
the reverberatory furnaces through launders extending 
from the converter aisle to openings provided in the roofs 
of the reverberatory furnaces. The converter slag is 
usually discharged several feet in front of the bridge-wall 
of ‘the furnace and midway between the side walls. 
Fig. 17 (page 214 ante) is a typical cross-section of the | 
International Smelting Company’s plant and is typical of 
the new reverberatory smelting plantsin Arizona. Fig. 18 
(page 326) is a plan of the same plant to a different scale. 
(a) Siliceous Ore Charging Device for Converter.— | 
Several of the plants are arranged so that the siliceous | 
ore for the converters is drawn directly from bins over- | 
head. Figs. 19 and 20(page 326) show an arrangement of 
bin, measuring hopper and chute for accomplishing this | 
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* Paper read before the American Institute of Mining | 


operation. This particular arrangement is installed at 
the International Smelting Company’s plant. A weigh- 
ing or measuring hopper is interposed between the 
overhead bin and the chute leading to the converter 
mouth. The hopper is mounted on springs and is 
connected by levers and links to an indicator readily seen 
from the operating floor. Any desired amount of charge 
can be weighed out into the measuring hopper and 
discharged into the converter, and this can be accom- 


| plished entirely through the operation of levers on the 


main floor of the converter plant. 
(b) Converter Plant Cranes.—Most of the newer plants 
are equipped with 12-ft. Great Falls type converters. 


These converters weigh, when lined, approximately | 
| 70 tons. 


Instead of designing the converter cranes for 
a capacity to lift a converter shell with its lining, as has 
usually been the practice heretofore, the cranes are 
designed for a lifting capacity of 40 tons, which is nearer 
right for the routine work of handling matte, copper and 
slag in large ladles. Converters with magnesite lining 
do not have to be moved into and out of their stalls often, 
but when it is desirable to do this two cranes are used 
with a lifting rig as shown in Figs. 21 and 22. The con- 


verter cranes in all the Arizona eo are | 1 
© later cranes | returned as follows :—1910, 741,924 tons ; 1911, 790,871 


operated by 250-volt direct-current. Th 
are equipped with magnet-switch control. 
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DETAILS OF STEEL CHIMNEY ¥ 
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ek jabout 11 ft. wide by 24 ft. long is provided, the 
=u . bottom of which consists of cast-steel bars with pro- 
it R jecting lugs, making a grating with openings throughout 
s& about 9 in. square. A small travelling bridge is provided 
LINN over this grating, and mounted on this bri is a trolley 
B which travels transversely to the path of the bridge. 
In the trolley is mounted a motor-driven hoist which 
raises a hammer in the form of a long weight that works 
in a guide. The hammer and guide are mounted on 
Ws a trolley with the hoist. The hoist operator raises the 
Bell & hammer and allows it to drop on the skull in a manner 


| similar to the operation of the ordinary type of pile-driver 

| hammer. When the skulls are broken into fragments 
sufficiently small to through the grating, they drop 
into a steel railroad car underneath. The bridge and 

| trolley travel permit the hammer to be spotted over any 
skull on any part of the grating. 


CHIMNEYs. 


(a) The Largest Steel Chimney in the World.—Fig. 26 
shows a general elevation with details of the large steel 
chimney at the plant of the United Verde Copper Com- 
pany, at Clarkdale, Ariz. It is 30 ft. 94 in. in diameter 
inside the steel plates and is 400 ft. 1 in. in height, from 
the base to the top. It is believed to be the | t steel 

| chi y in exist at this time. It has a brick lining 
| 4 in. thick throughout its height. 
| (b) 8 Pounleties for Steel Chimney.—Fig. 27 shows 
| the details of the foundation for a steel chimney at the 
| smelting plant of the Calumet and Arizona Mining 
Company at Douglas. The chimney is 305 ft. high from 
the top of the foundation and is 25 ft. 9} in. in diameter, 
inside the steel shell. It has a hollow-tile lining 4 in. 
thick throughout its height. The feature of the chimney 
is in the construction of its foundation. The foundation 
was cast from molten slag hauled to the site for the 
chimney in the usual slag pots, instead of concrete or 
|masonry as is usual for chimneys of this type. A 
template for holdi the anchor bolts was made of 
structural angles and channels supported on a central 
| concrete pier and held from turning or moving by a 
| second concrete pier at the outer circumference. The 
foundation bolts were supported at their lower ends on 
small concrete piers, and they in turn supported the 
| template at other points of its outer cevanieeanee not 
| supported by the concrete pier, each bolt having at the 
top a nut on the under side and one on upper side of the 
template, forming a secure support. washers 
were provided for the bottom ends of the anchor bolts, 
over which were laid old steel rails. Blast-furnace slag 
was then poured over the foundation and adjacent 
ground, forming the foundation for the chimney. A con- 
crete capping was laid on top of the slag for the cast-steel 
| base-ring of the chimney proper. 








CANADIAN METALLURGY.—The production of pig-iron 
| in Canada in the first half of this year was 507,750 tons, 
| as compared with 366,825 tons in the first half of 1915, 
| showing an increase of about 40 per cent. At the rate 
| of production which prevailed in the first half of this 
| year it is possible that the output for the whole year will 
| exceed the high record established in 1913. The produc- 


| tion of steel ingots and castings in Canada promises to 


| break all records in 1916. Last year’s output neatly 


approached the high total of 1,042,503 tons attained in 
bis. The production of steel in Canada since 1910 is 


tons; 1912, 853,031 tons; 1913, 1,042,503 tons; 1914, 


(c) Skull Breaker for Converter Plant.—Three of the | 743,353 tons; and 1915, 912,755 tons. Open-hearth 


Arizona converter plants are equipped with skull breakers | 
and a fourth plant is now being thus equipped. Figs. 23, | 
ent of the skull | 
| breaker at the International Company’s plant. A hopper 884,736 tons. 


24 and 25 show the general 


steel figured in these totals for the following amounts :— 
1910, 542,354 tons; 1911, 601,574 tons; 1912, 645,062 
tons; 1913, 768,663 tons ; 1914, 556,910 tons ; and 1915, 
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THE ANNUAL REPORT OF THE RHENISH- 
WESTPHALIAN COAL SYNDICATE. 


Tue report for last year, which has been published 
several months later than is generally the case, states that 
it has required the utmost straining of all available forces 
to bring production and delivery to such a level that it is 

ible to comply with the most mt needs of buyers. 
ui he reduced uction, coupled with the efforts to meet 
the d d for ani d production of auxiliary sub- 
stances, necessitated, as far as most mines are concerned, 
a rearrangement of the original working plan and a ma- 
terial alteration as regards the output of the different 
kinds of fuel. The consumers have, on the whole, been 
unable to accumulate any stock, as the supplies have gone 
straight into use; but these supplies were so calculated 
that they were sufficient to keep the different concerns 
going. ‘The deliveries became more regular, as, by 
degrees, the consumers learnt to adapt themselves to the 
conditions produced by the war, and to use other 
materials more easily procurable, more especially coke. 
The production of the latter commodity was greatly 
inereased on account of the importance attaching to the 
auxiliary products. Still, many consumers were some- 
what slow in realising and making allowances for the 
different conditions under which the mines were placed. 

The aggregate allotment—that is, the total of the 
allotment figures granted to the different mines— 
amounted at the end of 1914 to 88,583,200 tons, and 
at the end of 1915 to 88,758,200 tons. That is an 
increase for the end of 1915 of about 175,000 tons, or 
0.20 per cent. 

There were sold 58,047,597 tons, or 30,654,476 tons 
less than the “‘ account”’ allotment, or 34.56 per cent. ; 
for the year 1914 the sales amounted to 73 per cent. of 
the allotment. 

The production of coal by the mines combined in the 
syndicate amounted in the year 1914 to 84,809,916 tons, 
in the year 1915 to 73,894,097 tons, which shows a 
decrease for 1915 as compared with the preceding year of 
12.76 per cent. 

The aggregate allotment of coke amounted at the end 
of 1914 to 19,181,050 tons, at the end of 1915 to 
20,462,850 tons, an increase of 1,281,800 tons, or 6.68 

rcent. There were sold in 1915, 11,997,748 tons. In 

riquettes the aggregate allotment amounted at the 
end of 1914 to 4,867,510 tons, at the end of 1915 to 
4,939,570 tons, an increase on last year of 72,060 tons, 
or 1.48 per cent. There were sold 3,739,416 tons, or 
24.25 per cent. less than the ‘“‘ account ”’ allotment. 

The local consumption of the members at their iron 
works, from their own production, amounted in 1914 to 
13,149,177 tons, in 1915 to 11,138,257 tons, a decrease 
for 1915 of 2,010,920 tons, or 15.29 per cent. Including 
the quantities bought back from the syndicate, the local 
consumption of the iron works from their own production 
amounted in the year 1914 to 14,272,258 tons, and in 
the year 1915 to 12,722,652 tons, a reduction for 1915 of 
10.86 per cent. During 1915 the iron works bought 
back fairly equal quantities of coal and coke, while in 
1914 the quantity of coal was eight times that of coke. 

The report states that the despatch via the Rhine-Herne 
canal develo beyond expectations, amounting in the 
direction of Ruhrort to 1,463,245 tons, and in the direction 
of Minden to 103,449 tons. On the other hand the 
despatch via the Dortmund—Ems canal receded ve 
materially on account of the decrease in shipping exports, 
viz., from 1,256,335 tons to 310,600 tons. 

The ordinary selling prices were raised as under :— 

To take effect April 1, 1915: Coking coal, 0.75 marks 
per ton; other kinds of coal and briquettes, averaging 
2.00 marks per ton. 

To take effect September 1, 1915: Coking coal, 1.25 
marks per ton; other kinds of coal and briquettes, 
1,00 marks per ton. 

On the other hand the prices for coke, so as to en- 
courage the use of this fuel, were temporarily reduced :— 

To take effect April 1: Blast furnace coke, 1.50 marks 
per ton; other kinds, respectively, 1.50, 1.00 and 0.50 
marks per ton, except some low grade qualities, which 
remained unaltered. On September | all kinds of coke, 
however, were again raised 2 marks per ton, except coke 
breeze, which was only raised 0.50 marks. 

Regarding the renewal of the syndicate, the report 
states that during the negotiations for the renewal, the 
decree of July 12, 1915, suddenly appeared. This 
announced the compulsory formation of working agree- 
ments unless the existing syndicate succeeded, before a 
certain date—which for the Ruhr coal-mining district 
was fixed at September 15—in forming a voluntary 
syndicate. This was to comprise more than 97 I 
cent. of the aggregate production of the district, and to 
conserve the interests of the public, an ment 
was then arrived at for the formation of a syndicate, to 
terminate March 31, 1917, which was joined by prac- 
tically all the Rhenish-Westphalian coal mines and 
also by the Crown mines. At present, negotiations are 
pending for the formation cf & five-year voluntary 
syndicate, and these negotiations must be terminated 
before October 15, 1916, as otherwise the Government 
has announced that the compulsory combine will forth- 
with take effect. 

The general expenses of the syndicate for 1915 
amounted to 3,553,378 marks, inst 3,887,792 marks 
in 1914. The syndicate’s stock of coal, coke, briquettes 
and pitch on December 31, 1915, stood at 2,320,502 
marks against 10,140,594 marks at the end of the 
epee year. Current liabilities amounted to 

42,540,000 marks, against 111,550,000 marks for the 
revious year, and amounts owi to the syndicate 
risen from 78,260,000 marks to 110,340,000 marks. 
Bonds, &c., were entered at 20,830,000 marks (probably 
war loan). 











NOTES FROM THE UNITED STATES. 
PuILaDEvpnia, September 20. 
STEEL and iron production is tending towards an early 
shortage. Pig-iron yrotuation is falling-off notwith- 
standing a pos emand, and in consequence prices 
are advancing. The Allies continue to be heavy buyers 
of war steel, and indications are that they have about 
laced all the orders that can be given for the present. 
e market for basic and Bessemer iron is exceptionally 
strong under an enormous d d for domestic use and 
for export. Munition steel is much wanted, even under 
the overcrowded condition of mills. A New Jersey 
company is in the market for 45,000 tons of 9}-in. rounds. 
Inquiries for 4-in. rounds for shrapnel are scarce and 
very little of the business is being taken. Many 
implement makers who postponed buying some months 
ago on account of high prices are now trying to place 
orders at a higher price than they were willing to pay 
some time ago. The steel managers of the country are 
spending millions of dollars in improving their plants 
for the purpose of ones such economy as will 
enable manufacturers to stand up against the great 
reduction in prices which is anticipated after the close 
of the war. Estimates of the total steel purchased by 
the Allies since the beginning of September are between 
600,000 and 700,000 tons; all of this steel is to be 
delivered during the first half of the coming year. Some 
few mills have gone so far under pressure of buyers to 
contract to deliver their entire output for the whole of 
next year. The cooler weather has permitted an increase 
in output. Some of the railroads have begun placing 
orders for delivery during the latter half of the year. 
Judging from announcements often made in the public 
press one would think it would be impossible to place 
any new business at all, but despite this the placing of 
new orders is constantly reported. A very marked 
improvement has taken place in the demand for structural 
material ; this source will furnish the mills with all the 
business they can possibly handle. Construction require- 
ments are growing in magnitude. 











CRANE AND OTHER LIFTING AND CONVEYING 
MACHINERY MANUFACTURE.—We have received the 
following official announcement :—The Minister of 
Munitions in the exercise of his statutory powers has 
required all persons, firms and companies engaged in the 
manufacture of cranes, aerial ropeways, capstans, con- 
veyors, grabs, elevators, hoists, lifts, runways, shear 
legs, transporters, travellers or winches, whether operated 
by steam, electric, hydraulic, pneumatic or hand power, 
not to carry out without a permit issued under his 
authority in any factory, workshop or other premises, 
any work consisting of the manufacture, assembling or 
erection of any of the above-mentioned articles except 
under: (a) Orders received from or in connection with 
work for the Admiralty or War Office; (b) orders of a 
value not exceeding 501. required for war work ; (c) orders 
which have already been sanctioned by the Ministry of 
Munitions as Class “‘ A’’ work. 





ARMAMENTS.—Lieut.-Colonel Bernard A. Firth, vice- 
chairman of Messrs. John Brown and Co., Limited, and 
chairman of Messrs. Thomas Firth and Co., Limited, 
at the meeting of the first-named company, in seconding 
the adoption of the annual report of the directors, took 
advantage of the opportunity to deny in the most 
emphatic terms the Gipations that there was anything 
in the nature of an armaments ring or combine, and that 
it had refused the help of outside firms till compelled b 
the Government. In the case of Messrs. Thomas Firt 
and Sons, Limited, he could say that they alone were in 
the autumn of 1914 employing no fewer than 40 firms 
as sub-contractors on shell work, and he knew that 
Messrs. John Brown & Co. and similar concerns were 
by no means behind in making the best possible use of the 
engineering resources of the country. In spite of these 
facts they heard such absolutely unfounded allegations 
as that to which he had referred coming from a gentleman 
in the position of the President of the Engineering Section 
of the British Association. 





Boarp or TrapE CoMMERCIAL INTELLIGENCE Com- 
MITTEE.—We have received the following official com- 
munication :—A meeting of the Advisory Committee 
of the Board of Trade on commercial intelligence was held 
at 7, Whitehall Gardens, on Wednesday, 4th inst. ; 
Sir H. Llewellyn Smith presided, and there were also 
present: Sir Hugh Bell, Bart., Captain R. Muirhead 
Collins, R.N., Sir Algernon F. Firth, Bart., Mr. H. 
Fountain, Mr. C. A. Harris (Colonial Office), Mr. A. J. 
Hobson, Mr. L. J. Kershaw (India Office), Mr. H. C. M. 
Lambert (Colonial Office), Mr. Stanley Machin, Sir 
Thomas MacKenzie, Mr. W. H. Mitchell, Mr. J. W. 
Murray, Mr. E. Parkes, M.P., Sir Hallewell Rogers, 
Mr. G. J. Stanley, Mr. Victor Wellesley (Foreign Office), 
and Mr. Perey Ashley (Secretary). The Comptroller- 
General of Patents, Designs and Trade Marks, and 
Mr. G. P. Harben also attended the meeting. It was 
reported that Mr. Thomas Worthington, who had been 
Director of the Commercial Intelligence Branch of the 
Board of Trade since its formation, had recently retired, 
and the Committee recorded their appreciation of the 
valuable service which Mr. Worthington had rendered 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—After a fairly active 
business a _ period is now being experienced. Con- 
sumers of Cleveland pig-iron have satisfied their require- 
ments for the time being. | Order books of both makers 
and merchants are full and very substantial deliveries 
are due during the current month. Beyond the sale of 
odd lots that come on the market and command high 
figures for prompt delivery, there is now very little doing. 
French consumers are eager buyers of such parcels. For 
home consumption No. 3 Cleveland pig, No. 4 foundry, 
and No. 4 forge all stand at 87s. 6d., and No. 1 is quoted 
91s. 6d. ; whilst for export No. 3 is fully 97s. 6d.; No. 4 
foundry, 96s. 6d. ; No. 4 forge, 95s. 6d. ; and No. 1 quite 
102s. 6d. Warrant iron for prompt shipment commands 
above the export market rate, for No. 3 up to 100s. being 
readily paid. Forge pig is comparatively plentiful, and 
sales of this quality are being rather forced on the market. 
The result is that No. 4 forge could doubtless be purchased 
for either home use or for shipment at a little below 
recognised market quotations. 


Stock of Cleveland Pig-Iron.—The stock of Cleveland 
pig-iron in the public warrant stores has now been reduced 
to 11,564 tons, composed of 11,528 tons of No. 3 quality, 
and 36 tons of other kinds of iron deliverable as standard. 
Most of the iron held is earmarked, the warrants in 
circulation now being for only 3,000 tons. During the 
month 3,445 tons were withdrawn from the stores. 


Hematite Iron.—Demand for East Coast hematite iron 
is very heavy, but business is almost impracticable, there 
being no stocks of any consequence, and makers having 
sold as far ahead as they are prepared to commit them- 
selves. Deliveries on running contracts are generally 
well maintained, though some producers are slightly in 
arrears. Nos. 1, 2and 3 remain at 122s. 6d. for home use 
and for shipment to France, and 140s. and upward for 
general export. 


Output of Pig-Iron.—Production of pig-iron has not 
yet been increased by the re-starting of works, but 
considerable idle plant is now quite ready to be put into 
operation, and it is hoped that additional furnaces will 
be blowing in the near future. The number of furnaces 
at present in blast on the North-East coast is 71, of which 
28 are making Cleveland pig, 30 are producing hematite, 
and 13 are manufacturing special kinds of iron. 


Coke.—There is a plentiful supply of coke, but local 
demand is very heavy, and prices are not quotably 
lowe Average blast-furnace kinds are 28s. at the 
ovens, and up to 30s. 6d. at the ovens is still asked for 
qualities low in phosphorus. 


Manufactured Iron and Steel.—Manufacturers of 
finished iron and steel continue too busily employed on 
Government work to pay much attention to ordinary 
commercial enquiries, of which there are a large number 
in the market. Private orders could be booked at much 
above recognised market rates. The following may be 
given as among the principal market quotations: com- 
mon iron bars, 131. 15s.; best bars, 141. 2s. 6d.; best 
best bars, 14/. 10s.; iron ship plates, 137. 10s. to 14l. 
10s.; iron ship angles, 13/. 15s.; iron ship rivets, 17l. 
10s. to 181. 10s. ; packing iron and steel (parallel), 11/7. ; 
packing iron and steel (tapered), 13/. 5s. ; steel bars (no 
test), 147. 10s.; steel ship plates, 11. 10s.; steel ship 
angles, 11/. 2s. 6d.; steel Bes rivets, 201. ; steel sheets 
(singles), 187. 15s.; steel sheets (doubles), 19/.; steel 
strip and steel hoops, 17/. and upward; steel joists, 
111. 2s. 6d.; heavy sections of steel rails, 10/. 17s. 6d. ; 
and steel railway sleepers, 12/. 


Shipments of Iron and Steel.—Shipments of iron and 
steel from the port of Middlesbrough during September 
were up to expectation, totalling 66,383 tons, of which 
44,969 tons were pig-iron, 2,861 tons manufactured iron, 
and 18,553 tons steel. For the previous month loadings 
of pig reached 63,635 tons, but for September last year 
the quantity of pig-iron dispatched amounted to only 
39,736 tons. Of the pig cleared last month 43,464 tons 
went to foreign ports and 1,505 tons coastwise ; of the 
manufactured iron loaded 672 tons went abroad and 
2,189 tons coastwise; and of the steel cleared 18,374 
tons went foreign and 179 tons coastwise. France 
continued to be by far the largest customer for both pig- 
iron and steel, taking 35,037 tons of the former and 
13,440 tons of the latter. Other principal importers 
were: Italy, 8,337 tons of pig-iron and 1,260 tons of 
steel ; Japan, 1,809 tons of steel ; and Siam 246 tons of 
manufactured iron. 





German Twin-Motor Hyprortane.— The Italian 
journal, L’Industria, reproduces an article from the 
French journal Aerophile giving particulars of a German 
hydroplane captured by the French in the North Sea. 
The width of the machine over the upper plane is 15.9 m. 
(52 ft. 2 in.), and the width over the lower plane 
14.85 m. (48 ft. 8§ in.). The length from the front of the 
body to the tip of the rudder is 9.6 m. (31 ft. 6 in.). 
The two floats are each 6.75 m. (22 ft. 2 in.) in length, 
and are set at a distance of 3.75 m. (12 ft. 3} in.) between 
centres. In its general appearance the hydroplane is 
ilar to the well-known British “‘ Avro”’ machine, 





to British commerce in that capacity. Among the 
matters considered a Committee were proposals for 
the amendment of the existing law relating to patents 
and designs; proposals for d itch of a special 
Commercial Mission to investigate the conditions and 
prospects of trade in Spain and Portugal ; and questions 
relating to British trade with Russia and Italy, and the 
employment of foreigners as commercial travellers. 





very simil 
with single engine, the Germans having only modified 
the type where n to the two motors. The 
motors, of 120 h.p. each, are of the “ Mercedes” design, 
each one driving a propeller 2.70 m. (8 ft. 10 in.) in 
diameter and 1.58 m. (5 ft. 2 in.) in piteh. The arma- 
ment consists of a machine-gun, mounted on a vertical 
post provided with a ball and socket joint and carried 
in the body. 
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NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—It would almost seem as 
if there were no possible chance of business in the Glasgow 
pig-iron warrant market being revived during the 
continuance of the war. Certainly in the meantime the 
prospect of anything of the kind taking place grows 
fainter day by day. So far as the stocks in public store 
are concerned things are much on the same level as a 
week ago. 


Scotch Steel Trade.—The high pressure for all varieties 
of steel required for Government purposes still prevails 
as an outstanding feature of production, very little being 
left for ordinary mercantile consumers after these 
demands have been satisfied. Not only is the demand 
for steel for shell bars unabated, but indications are not 
wanting to prove that an additional output will be 
absolutely necessary before very long. ith all this 
urgency the mills are kept constantly employed, running 
day and night unceasingly, their capacity being taxed to 
the utmost extent. Even as it is many of the steel- 
makers in the West of Scotland are well booked up into 
next year with good orders, and inquiries continue to 
pour in from the Allied Governments, notwithstanding 
the difficulty experienced in obtaining licences. Firm 
prices rule, those for the home markets being regulated 
by Government, while with the small amount of export 
business being put through price is not of such moment 
as is the procuring of the desired supplies of material. 
Ship-plates still run off and on about 14/. per ton ; boiler 
plates, 15/.; and angles, 141, 7s. 6d. and up, all f.o.b. 


Malleable Iron Trade.—There is practically nothing 
fresh to report in connection with the malleable iron 
trade, makers still experiencing the greatest difficult 
in keeping pace with the demands made upon them, all 
the output, naturally, either directly or indirectly, being 
absorbed in war work. In their steel departments, 
which, of course, are chiefly e on Government 
contracts, it is well-nigh im ible for makers to obtain 
licenees for export. At the moment prices show an 
inclination towards “‘ bullishness,” and “Crown” bars 
are quoted about 13/. 7s. 6d. or 137. 10s. per ton, the 
better qualities easily commanding a shilling or two in 
excess of this rate for prompt delivery. 

Scotch Pig-Iron Trade.—Every effort is being put 
forth by makers of pig-iron and hematite to meet the 
dedauniie of consumers, particularly of those engaged 
upon Government work, the bulk of the output still 
being reserved for purposes of war. Licences for export 
have dropped away to a minimum, and, indeed, are 
only being granted for war material required by the 
Allies. With shipping business thus at such a low ebb, 
it has followed naturally that every available ton is 
speedily taken up by the local steelworks, with such a 
run on hematite that No. 1 foundry iron is becoming 
increasingly scarce. The heavy demands, added to this 
scarcity, have tended to strengthen the prices of all 
grades. 

Shipbuilding in September.—During the past month 
business in connection with mercantile tonnage has made 
but little progress, notwithstandi the enormous 
activity in every shipyard in Scotland. The total 
tonnage for September was less than half of what was 
put through in the corresponding period a year ago, 
which, again, was the lowest September on record. So 
far, the scheme for transferring a certain amount of 
labour from naval to mercantile work has not been 
productive of much ap nt change—no doubt that 
will be visible later on. On the Clyde there were 
launched during September, four mercantile vessels, of 
7,641 tons, which brings the total for the nine months 
of the year up to 34 vessels, with a registered tonnage 
of 101,426 tons, as against 82 vessels of 185,886 tons 
during the same period in 1915, and an aggregate of 
336,361 tons in 1914, which, of course, included seven 
months of normal conditions. As matters stand now it 
looks as if 1916 will have the lowest total tonnage duri 
the past 40 years—counting even merchant work alone. 
Although all the yards are as busy as can be, considering 
the searcity of skilled labour no new contracts have been 
reported during the month. From the following table 
will be seen the output from the four principal rivers in 
September :— 


Clyde. Forth. Tay. Dee. 
Ves. Tons. Ves. Tons. Ves. Tons. Ves. Tons. 
4 17,641 2 2,200 1 3,170 3 600 


Of the four vessels launched on the Clyde one was for 
the Nigerian Government and one for foreign owners, 
all the others were to the order of British firms. 





Survey or Inp1a.—The work of the survey of India com- 
prises a trigonometrical survey, topographical and forest 
surveys, — surveys, and explorations and map pro- 
duction. The total cost in 1914-15 was 159,000/. Attention 
was drawn some years since to the defective state of the 
topographical survey, and a committee was appointed 
to report upon the subject. The Government of India 
finally decided that a scale of 1 inch to the mile would 
be ordinarily sufficient, reserved forests and special areas 
being surveyed on a scale of 2 in. to the mile, and an 
j-in. seale —+ allowed for waste and barren tracts. 
Of a total of 1,821,600 square miles included in the 
official , 366,244 square miles were completed 
about two years since. Of the 1 in. map, 158 sheets 
were » making a total published of 1,036 sheets 
out of an entire programme of 6,328. The total number 
of maps issued was 359,917. During 1914 field opera- 
tions were carried on by 19 surveying parties. Further 
explorations in the Eastern Himalayas cleared up ail 
doubts as to the course of the Brahmaputra. 





NOTES FROM THE SOUTH-WEST. 


Cardi ff—Tonnage has been arriving rather more 
freely, and with stocks in excess of current requirements, 
sellers have been competing for prompt orders. There 
has been less pressure for supplies on the part of the 
authorities, while shipments to France ve been 
retarded through the unwillingness of the Government to 
grant fresh licences, in view of congestion in French 
ong 5 While superior Admiralty coal has been reserved 

y the.authorities, secondary qualities have been offered 
freely at about 40s. per ton, with substantial reductions 
where sellers have desired to clear trucks quickly. 
Forward dealing has been checked pending the completion 
of the limitation scheme for Italy. House coal, patent 
fuel and coke have been scarce and firm. The best 
Admiralty large steam coal has been, to some extent, 
nominal; secondary qualities have made 40s. to 42s. ; 
Monmouthshire Black Veins, 41s. to 42s.; ordinary 
Western Valleys, 41s. to 41s. 6d. ; Eastern Valleys, 38s. 
to 40s.; best bunker smalls, 29s. to 30s.; and cargo 
smalls, 20s. to 25s. per ton. In bituminous coal best 
households have been making 25s. 6d. to 26s. 6d. at the 
pits ; No. 3 Rhondda large, 40s. to 42s. ; smalls, 32s. to 
338.; No. 2 Rhondda large, 33s. to 35s.; and No. 2 
smalls, 24s. to 25s. per ton. The latest quotation for 
patent fuel has been 44s. to 45s. perton. Special foundry 
coke for export has brought 62s. 6d. to 65s. ; good foundry 
coke, 60s. to 62s. 6d. ; and furnace coke, 50s. to 55s. per 
ton. 


Western Trade Matters.—A Cardiff Docks syndicate 
has acquired the South Rhondda Colliery Com 
(1898), Limited. The collieries are situated at - 
harran, on the southern edge of the Welsh coalfield, and 
they produce No. 2 Rhondda coal, which is largely used 
by steamers for bunkering purposes; they also supply 
gasworks and other users of bituminous coal. The out- 
owl is between 130,000 and 150,000 tons per annum. 

present share capital is 60,000/. and the past year’s 
profits were 14,5827. The com y has been reo ised, 
and C. P. Bailey, H. Davies, and D. P. tt 
have been appointed directors; Mr. A. W. Travis will 
continue to act as sales agent until the close of the year. 
—tThe secretary of the Swansea supply of coal to France 
committee has been informed that a margin of 10 per 
cent., with a maximum of 200 tons, will be allowed on 
single cargoes, or on the last shipment of a quantity ; 
this arrangement is not officially operative at present.— 
An improvement is considered to be taking place in the 
nation’s coal output. For the year ended July, 1914, the 
estimated production of the mines of the kingdom was 
281,135,000 tons; in 1914-15 it declined to 250,318,000 
tons ; but in 1915—16 it rallied to 254,748,000 tons. The 
Coal-Mining Organisation Committee, in reporting upon 
these figures, observes : “‘ It is evident that an improve- 
ment has recently set in. Not only has the downward 
tendency in production been arrested owing to recruiting 
of persons employed in coal mines having n stopped, 
but a small increase has also been secured ; this is 
probably to be accounted for by the more regular 
attendance of the miners at work and a ual increase 
in the number of persons employed.”” The number of 
miners who had joined the Colours since the outbreak of 
the war stood at the close of March at 282,200; since 
then there have been 116,900 replacements, and in tem- 
ber the net reduction had been brought down to 165,300. 
The export of coal was reduced from 73,000,000 tons 
in 1913 to 43,000,000 tons in 1915. The Chancellor of 
the Exchequer has decided that where a coal miner 
earning weekly wages chargee »le by quarterly assess- 
ment to income-tax is obliged to reside at a considerable 
distance from his employment, and therefore necessarily 
neurs expenses in travelling daily to and fro, he will be 
allowed an equivalent deduction for income-tax purposes. 
—tThe Sutherland Steamship Company has announced 
an interim dividend of 30 per cent. per annum, tax free, 
oy its ordinary shares ; last year the distribution was 
£0 per cent. per annum, less tax.—The South Wales 
Institute of Engineering met at the Metal Exchange, 
Swansea, on Tuesday, Mr. W. Stewart presiding: A 
discussion was continued on stone dusting of steam 
coal collieries. The president said a good deal could be 
done by workmen in loading trams, so that they should 
cause practically no dust ; watering trams as they came 
out on parting was also very essential.—The directors of 
Lambert Brothers, Limited, recommend a dividend and 
bonus of 25 per cent. for 1915-16; the i 
dividend for 1914-15 was 20 per cent.; for 1913-14, 
10 per cent. ; for 1912-13, 15 per cent. ; and for 1911-12, 
10 per cent. The profits ised for the last five years 
were :—1912, 55,645/.; 1913, 98,7262.; 1914, 76,8071. ; 
1915, 154,798/.; and 1916, 172,4951.—The Western 


Counties Shipping Company has paid a dividend of 
20 per cent. for i915-16.—“The directors of the Port 
Talbot Graving Dock 


and Shipbuilding Com ’ 
Limited, recommend a dividend of 10 Pn cent. for the 
past year, carrying forward 4,793. ; profits for the 
year were 7,781/., as compared with 8,251/. in 1914-15, 
5,048/. in 1913-14, 6,470/. in 1912-13, and 4,255/. in 
1911-12.—The death is anno » at the advanced 
age of 78, of Mr. R. Thomas, of Lydbrook, who for the 
last 50 years had been prominently and Nagy are 
ciated with the South Wales tin-plate trade. was 
appointed general manager and secretary of the Y 

Cwch Tin-plate Company on its formation at the 

of the American civil war, when tin-plates came into more 
general use.—On Thursday, Sir J. Carroll, a member of 
the New Zealand Government, and Mr. A. W. Young, 
Agent-General for South Australia, visited Bristol wii 

a view to an extension of West of trade relations 
with the Antipodes. They recei a cordial welcome 
from the Docks Committee of the Bristol City Council. 
One of the subjects discussed was the establishment of a 
direct line of steamers between Australia and Bristol.— 











mone. I 
The Tatem Steam Nevigation Company hes now paid 
dividends of 15 per cent. per annum for five years in 


su on; the profits for 1912 were 264,6771.; for 
1913, 363,1762. ; for 1914, 120,382/. ; for 1915, 2038,7481. ; 
and for 1916, 275,548. For the past financial year the 
company has transferred 41,100. to the special reserve 
and contingency fund and 100,000/. to the insurance 
reserve.—A financial group has offered to purchase the 
ordi: shares of the Britain Steamship Company, 
Limited, at 301. per share, provided acceptances are 
received for not less than 80 per cent. of the shares, 
which are quoted at present at 24/. each; the dividend 
on the shares for 1915 was at the rate of 30 per cent. 
per annum. 





German Feprration oF Trecunicat Socretrmes.—In 
conjunction with Sir Robert Hadfield’s sch fori 
ing the scope of usefulness of the Iron and Steel Institute, 
to which we referred on 313 ante, it is interesting 
to note, from the Paris journal L’Industrie Hlectrique, 
that the Germans are considering a scheme for welding 
into one Institution, to be called the “‘ German Associa- 
tion of Technical and Scientific Establishments,” all the 
Institutions of Engineers and Architects, the Blast- 
Furnace Owners’ Union, the Institutions of Chemists and 
Electricians, the German Institute of Naval Architects, 
&c. Although the German scheme remains so far but a 
scheme, its authors have the ambition of enlarging its 
scope so as to form a ‘‘ Central European Engineering 
Institute.” Our contemporary concludes by asking 
whether the industrial societies of the Allied countries 
could not unite also, in order to form a check to the 
“oe Ger man block. ” 








Messrs. YaRRow AnD Co.—We have received an album 
of ee historial interest, illustrative as it is of typical 
high-speed light craft built in each year from 1866 to 
the present time. The purport of its publication was to 
record the proceedings at a dinner given by the Yarrow 
staff in February last to their chief on the occasion of 
the conferring upon him of the dignity of a baronetcy. 
The made at the dinner are no less interesting 
than the wonderful series of illustrations of the notable 
craft built each year by the firm, as the succession of 
speeches by members of the staff reveal in a most direct 
way the secret of that happy relationship between 
the management and the men which has been a well- 
known feature of the Yarrow works. They disclose a 
close bond of mutual sympathy, a recognition b 
employer and his representatives of the worth and wor’ 
of the worker, and on the part of the latter a realisation 
of the part he plays in establishing that high renown 
which Yarrow work quickly achieved and continuously 
maintained. From the psychological as well as the 
technical point of view the album therefore carries a 
high significance. 





Inpran Rattway ADMINISTRATION.—What was known 
locally as a railway congesti f has been held 
at Calcutta to meet Sir Geo Barnes. Sir G. Barnes 
expressed his opinion that railway congestion was more 
acute in the United Kingdom than in India. The British 
congestion had resul in great inconvenience to the 
mercantile community and to the public at large. In 
India the effects on railway working were far less serious ; 
and the fact must not be overlooked that current 
difficulties were due to the war, and were consequently, 
to some extent, beyond control. For one thing, the 
supply of railway matériel to India from England was 
necessarily limited. There was a great shortage of 

and a desire to save every rupee which could be 
The Indian Railway Board 
ies had done what they 





saved for general purposes. 
and the Indian pl -on am com: 
could to increase the carrying capacity of the Indian 
lines ; and as regards rolling-stock they had taken 

to ensure that India should receive as fair a share as 
Minister of Munitions could assign. Sir G. Barnes also 
addressed the members of the Bengal Chamber of 
Commerce. Sir F. Stewart, president of the Chamber 
dealt with the extension of the broad-gauge line to 
Siliguri and the prohibition of the export of steel sections 
from India. 





AvusTRaLiIAN Trape.—The value of the imports into 
the Australian Commonwealth in the year ended June 30 
was 77,377,447l., while the exports were valued at 


74,906,240/. These totals compared as follows with the 

years comprised in the decade ended June 30, 1916 :— 
Year. ange Deporte. 
1906-7 48,136,531 72,456,674 
1907-8 51,780,077 ~ , 67,048,368 
1908-9 49,189,960 65, 
1909-10 54,591, ppt 
1910-11 64,171,784 399, 
1911-12 73,124,980 81,586,546 
1912-13 77,531 ,489 75,765,823 
1913-14 82,417,907 84,827 Av6 
1914-15 pay — ar | 60,592,576 
Gn a nt 71,877,44 14,906,240 

It will be observed that up to the outbreak of the war 

Australian trade presen’ a resemblance 


to that of the United States. An excess of imports is a 
steady source of i ity, but it is affected 


in Australia by occasi which have the 
effect of at once reducing exports. Down to 1911-12 
the trend of affairs was in the direction, and 


although there was an adverse change in 1912-13, 

ters were agai yee when the war broke 
out in 1913-14. In 1914-15 and 1915-16 the tendency 
of. affairs was once more unfavourable, but, upon the 
whole, the experience of the past decade must be regarded 
as favourable. 
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THE TWIN-SCREW MOTOR-SHIP “ PERU.” 


CONSTRUCTED AND ENGINED BY MESSRS. BURMEISTER AND WAIN, COPENHAGEN. 





(For Description, see Page 324.) 
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NOTICES OF MEETINGS. 


British FouwpRYMEN’s AssociaTIon (Lancashire Branch).— 
Saturday, October 7, in the School of Technology, Manchester, 
at 4 p.m. An address entitled “ Problems Ahead” will be 
given by Mr. A. Sherburn, Warrington (Branch President). A 
— discussion upon the subject of ‘* Cupola Practice ” will 

ollow 

THE ASSOCIATION OF ENGINEERS-IN-CHARGr.—On Wednesday, 
October 11, at 8 p.m., at St. Bride’s Institute, Bri.’> Lane, 
Fleet Street, E.C. Presidential Address by Mr. Frank Bailey, 
M. Inst. C.EB. 

THe Optical Soctety.—Thursday, October 12, at 8 p.m., at 
the Rooms of the Chemical Society, Burlington House, Pieca- 
dilly, W. The following lecture will be delivered :— “ Stresses 
in ransparent} Materials as Revealed ee cr Light,” 


Professor E. G. Coker, F.R.S., M. Inst. C vy 





in view of the restrictions now imposed by the 
Government on the importation of paper. and of the 
consequent shortage of supplies, readers who wish 
te be sure of obtaining “ ENGINEERING” each week 
should place an order for the Journal with a news- 
agent or bookstall clerk. Owing to the scarcity of 
paper it will be impossible in future fully to provide 
fer a » chance demand demand for this Journal. 
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INDUSTRIAL FATIGUE. 


Durine the last two or three years some very 
interesting observations on the nature and effects 
of industrial fatigue have been made by a number 
of independent observers, who have confirmed more 
or less quantitatively conclusions reached by works 
managers as the results of their experience. It 
was not these works managers who were responsible 
for the excessive extension of overtime and Sunday 
labour, which there is every reason to believe has 
diminished rather than augmented the aggregate 
output of many of our munition factories. Of 
course, for a limited period very long hours can be 
worked without much decrease in the hourly rate, 
but if a breakdown is to be avoided an adjustment 
must sooner or later be made between the rate of 
working and the total time worked. 

Common-sense suffices to show that there must 
be some limit to the total number of hours which an 
operative can work with profit either to himself or his 
employer, and the inquiries conducted by the British 
Association and by the Ministry of Munitions give 
reason for believing that in some cases at any rate 
working hours might be reduced with a substantial 
increase in the actual total output. Some years 
since a large firm with shops both in Lancashire 
and in Belgium found that on identical work the 
output per man was greater in Manchester with its 
51 hours’ week than in their Belgian factory, where 
the week ran to 66 hours ; and German shipbuilders 
have admitted that in their yards, in spite of the 
long hours worked, less is done per man per day 
than on the Clyde. Of course in these cases the 
comparison involves the working of men of different 
nationalities, and this may affect the results inde- 
pendently of the periods of work. Again, English 
engineers who have worked in drawing offices both 
at home and in Switzerland have found that the 
day’s output per man was substantially larger 
here. No doubt in all cases there is some definite 
length of the working day which will yield optimum 
results, but the enunciation of a truism of this 
character gives little assistance in the way of 


ae practically determining what this limit may be. 


The limit varies not merely with the nature of the 
work, but with the individual. For this reason the 
views expressed by the heads of great departments 


334| or factories should in many cases be accepted with 


some reserve. The position of such men has, in 
fact, generally been achieved, at least in part, owing 
to their possession of a vitality above the average, 
and hence their personal experience that very long 
hours of strenuous application have had no injurious 
effects is by no means conclusive as to the rule 
holding with the average man. 

In certain work, again, the nervous and muscular 
strain may be low, and this appears to be the case 
with much monotonous repetition work, where 


342 | certain observers have found that the hourly output, 


so far from diminishing from the effects of fatigue 
as the day proceeds, often attains its maximum 
during the last hour of the day. This observation 


is the more noteworthy in that it was obviously 
somewhat unpalatable to the investigator. Where, 
however, the work is of another nature, requiring 
close attention throughout, there is distinct evidence 
of industrial fatigue, the hourly output falling to a 
minimum just before the hour for stopping work. 
Some interesting figures relating to work of this 
kind are given in the 1916 report of the British 
Association Committee on “The Question of 
Fatigue from the Economic Standpoint.’’ The 
operation chosen was that of type-setting by hand, 
in which task the compositor has to study his MSS. 
and to select his type. The effects of the mental 
strain involved are, it is claimed, shown in the 
way the output falls during the later hours of 
work. Inthe case investigated work started at 8 
in the morning, and during the first hour the average 
number of ens set was 1,356. During the second 
hour this figure rose to 1,383, and a fall then com- 
menced and continued until the midday break. 
In the hour preceding this but 1,256 ens were set. 
In the afternoon spell the first hour’s return was 
1,248, that for the second hour was 1,346, for the 
third hour 1,394, and for the final hour 1,188 ens. 
The high output for the third hour is noteworthy, 
and is attributed to the fact that a ten-minute 
- Pinterval for tea was given between the second and 
third hours. Where no such interval is allowed 
there is evidence that the maximum rate is reached 
in the second hour, as it was during the morning 
spell. 

In the case of an engineering factory the difficulty 
arises that whilst there is a considerable amount of 
monotonous repetition work, there is also much 
which requires constant attention and care on the 
part of the operator, and the intervals of rest or 
reduction of hours which there is reason to believe 
might increase the total output of such a workman 
would diminish that of those engaged on ‘‘ monoto- 
nous”’ work producing little or no industrial fatigue. 

No doubt the shorter hours commonly worked 
in the drawing office are a practical recognition of 
the fact that the production of drawings involves 
on the average a greater strain on the draughtsman 
than would work at the bench. Indeed, young men 
coming from the shops to the drawing office are 
often surprised to find that they are more tired after 
74 hours over a drawing board than after 94 at a 
vice. Attempts have at times been made in this 
country to bring the drawing office hours into line 
with those of the shops, and we have known a chief 
draughtsman enthusiastic as to the benefits of the 
change after an experience of three months. At 
the end of six months, however, he had convinced 
himself that the policy had been a mistake. By 
that time the draughtsmen had adjusted themselves 
to the new conditions and, as in Switzerland, were 
doing substantially less per hour than is usual in 
this country. 

A very striking example of the fact that long 
hours and largé outputs are not necessarily associated 
will be found in a report* recently issued by the 
Home Office. In this report Professor A. F. 
Stanley Kent details the results of certain observa- 
tions made at a factory engaged in the preparation of 
surgical dressings. Amongst those employed here 
were a number of female yarn winders. Yarn 
winding is an operation requiring considerable 
dexterity and constant attention in the piecing up 
of broken threads. The scheduled working hours 
ran from 6 to 8 a.m., from 8.30 to 12.30, from 1.30 
to 5.30, and overtime was worked from 6 to 8 in 
the evening. One operator, a single woman of 32, 
persistently refused to work either before breakfast 
or after 5.30, declaring that the additional rest she 
thereby secured enabled her to turn out more than 
if she worked the whole 12 hours. This claim was 
accordingly investigated, and her output during a 
month compared with that of three other first-class 
hands, who during the first fortnight of this month 
worked 12 hours a day, and during the remainder 
10 hours a day. The “slacker ’’ won hands down. 
In addition to taking off quarters, as mentioned, she 
also stayed away the whole of one working day and 
three half-days, yet her output for the period under 
review was 52,429 bobbins, as against an average 


* Second Interim Report on an Investigation of Industrial 
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of 48,529 for the three first-class workers who worked 
full time. The best of her three competitors had 
an output of 51,641 bobbins, for which she worked 
about 237 hours, as against the 160 hours worked 
by the “short-timer.” A number of confirmatory 
cases are quoted in the report, but of course, as we 
have already pointed out, the rule is by no means 
universal, In work of a “‘ monotonous ”’ character 
the fatigue is slight, and an increase in the length of 
the working day gives a nearly equivalent increase 
in the output. 

With certain kinds of work, again, frequent 
intervals of rest are undoubtedly more effective 
than a shortening of.the nominal length of the 
working day. This was first definitely recognised 
in the reforms effected by the late Mr. Taylor in 
the handling of the common labour employed at the 
Bethlehem steel works. Here, on such work as 
shifting pig-iron, it was found that the total work 
done was greatly increased by insisting on the 
labourers taking very frequent short intervals of 
rest. To some extent, however, military men have 
long recognised the principle. Drill is distinctly 
hard work, and it is, we believe, an established rule 
that a period of rest must be provided after every 
hour’s drill. An interesting instance of the benefits 
to be derived by such frequent intervals of rest, 
when the work is of a strenuous character, was 
recorded in the pamphlet* issued earlier in the year 
by the Ministry of Munitions. Two companies 
competed against each other in trench digging. 
In the one case the whole lot went at it for all they 
were worth. In the other the men were divided 
into three sets. Each set worked 5 minutes and 
rested 10, and the result was a notable victory, as 
their competitors had rapidly worked themselves 
to a standstill. The most notable case instanced in 
this report was, however, that of a foundry engaged 
in munitions work, in which arrangements were 
made to enforce on the moulders a rest of 15 minutes 
every hour. As the men were on piece, the innova- 
tion was at first resented; but the actual outcome 
was a substantial increase in the daily production per 
head. As we have already noted, the effect of a 
short interval for tea in a composing room was 
substantially to increase the output during the next 
hour’s work. These examples are certainly striking, 
but there are, of course, many operations in an 
engineering shop which would suffer by the intro- 
duction of frequent stoppages. No turner, for 
example, cares to stop a finishing cut before the 
end of the traverse, and there will undoubtedly be 
very great difficulties in making practical applica- 
tion of the interesting observations to which we have 
called attention. 

The connection between fatigue and output is that, 
no doubt, which appeals most directly to the engineer, 
but there are other methods of observing the growth 
of fatigue which are of considerable scientific interest 
and may have some technical value. Professor 
Kent finds that with the onset of fatigue both 
acuity of vision, as determined by means of opticians’ 
test cards, and sharpness of hearing fall off. It has 
often been asserted that there is a connection 
between fatigue and accidents, and if acuteness of 
vision and of hearing are both diminished with 
fatigue, accidents should be relatively more frequent 
during the close of the day. Curiously enough, 
however, this does not appear to be the case, the 
British Association Committee reporting that the 
number of accidents actually falls during the very 
last hour of the day. Professor Kent also found 
that acuteness of vision and hearing were below 
normal on Monday morning after the week's rest. 
This “ Monday effect’ is the more interesting in 
that most of the subjects examined were abstainers, 
and the condition could not therefore be attributed, 
as is commonly done, to the effects of alcoholic 
excess. 





CENTRALISATION IN 
INDUSTRY. 

Tue greatest importance is attached to the efforts 
at centralisation which are going on in Germany 
with a view to bringing about increased consolida- 
tion and efficiency to meet the altered conditions 
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resulting from the war. The latest departure is a 
rapprochement between some of the largest German 
banks, the largest German industrial concerns 
(Thyssen’s, for instance), and the large steamship 
companies, in the first place the Hamburg-America 
line and the North German Lloyd. The move is 
attracting much attention in Germany, where the 
connection between the heavy iron industry and 
the largest shipping concerns is looked upon as a 
matter of far-reaching importance. 

It is felt that the assistance which German 
shipping may obtain from the State to recoup 
itself after the trials of the war is somewhat prob- 
lematical ; and that, in any case, it will be some 
time in forthcoming. German shipping will have 
to depend upon its own resources or, as they have 
been somewhat severely curtailed during the war, 
on new consolidating arrangements amongst them- 
selves and the large banks, not in the former more 
old-fashioned style, but in a form which involves 
the co-operation and the co-responsibility of the 
large financial concerns. Thanks to Stinnes and 
Thyssen, a new note has been struck; Rhine- 
landers and Westphalians have moved in the 
direction of the North Sea. Whether Krupp means 
to use his Germania yard at Kiel for the building of 
a mercantile navy remains to be seen, but Hugo 
Stinnes has in any case done exceedingly well during 
the war with his recently-acquired fleet. The latter 
magnate and Herr Ballin have now started a ship- 
yard in Hamburg, for them in a comparatively 
small way, even if the smallness of the share capital, 
1,000,000 marks, is deceptive, and in this the 
Allgemeine Elektricitiatsgesellschaft is also interested. 

The Hamburg-America Line is widening its 
grasp more than ever, as shown by some additions 
to its controlling Board. They comprise Hugo 
Stinnes, a representative for the Deutsche Bank, a 
representative for the Disconto Gesellschaft, and 
two others. Special importance is attached to the 
presence of Herr Stinnes and Herr von Gwimmer 
(Deutsche Bank), inasmuch as this bank hitherto 
has had no connection with the big Hamburg 
shipping firm, whereas it has a representative on the 
Board of the North German Lloyd. Formerly 
these posts have almost exclusively been filled with 
prominent men from the old Hansa town. 

It is interesting to see how the Hamburg-America 
Line, in the same way as some of the largest 
industrial concerns, keeps extending and increasing 
its spheres of influence. Two years ago the com- 
pany acquired shares to the value of 4,000,000 
marks in the Levant Line, and Herr Ballin himself 
has joined the Board of this company, and the 
company is also represented in the Hamburg-South 
America Line and in the Kosmos concern. When 
Herr Woermann, in the beginning of the present year, 
gave up his position, the Hamburg-America Line, 
the North German Lloyd and Herr Stinnes entered 
into the closest connection with the German East 
Africa Line and the Woermann Line. The Hamburg- 
America Line establishes ever firmer and ever more 
numerous links between itself and its nearer and 
more distant neighbours, and the new addition to 
the company’s Board will no doubt further help to 
improve the relations between itself and its largest 
rival, the North German Lloyd. 

In the meantime the present position of the two 
large companies is not particularly cheerful. Failing 
any report or balance sheet for the last two or three 
years, no accurate statement can, of course, be 
made out, but a few figures and surmises may be 
of interest. The Hamburg-America Line is esti- 
mated to have some 64,000,000 marks of debentures 
issued ; this means 3,000,000 marks for interest and 
2,000,000 marks for redemption annually. This 
expense goes on, although the greater part of the 
company’s fleet, which represents an aggregate value 
of some 250,000,000 marks, is prevented from earning 
anything. Considering the rise in the value of 
tonnage no complete writings-off (in 1913 30,000,000 
marks) may be called for. There are other assets, 
on which writings-off may be found all the more 
necessary, inasmuch as in all probability the revenue 
from European emigration will be a thing of the 
past. Even if the impoverished people from Russia, 


Austria-Hungary, the Balkans and Germany may 
feel tempted to try their luck over the seas, the 





respective Governments will no doubt do all in 


their power to prevent a further diminution of 
the population. In addition to sites, buildings, &c., 
valued at 15,000,000 marks in Europe and at 
16,000,000 marks in’ America, on which 2,000,000 
marks were written-off in the last balance sheet, 
there is interest on mortgages. Then there is the 
maintenance of all the laid-up vessels oversea and 
the pay tothe men. Theshare capital is 180,000,000 
marks and the reserve fund 27,000,000 marks, apart 
from the insurance fund, which, however, could 
hardly be encroached upon. 

Similar conditions, though on a somewhat smaller 
scale, apply to the North German Lloyd, with a share 
capital of 125,000,000 marks, and 65,000,000 marks 
borrowed money, besides 12,000,000 marks of avail- 
able reserves. The fleet stood booked at 150,000,000 
marks at the end of 1913 ;_ besides 25,000,000 marks 
writings-off on the fleet, and other writings-off, 
there was thus a fixed expense of 5,000,000 marks 
for interest and sinking fund, besides the numerous 
other expenses referred to above. These items are 
not altogether pleasant for bondholders and share- 
holders to speculate upon, and the latter, it would 
seem, would like to know a little more about the 
actual state of affairs than they have hitherto been 
told. 





THE IRON AND STEEL INSTITUTE. 
(Concluded from page 313.) 
Some Propsrtizs or Incorts. 

THE second paper taken at the meeting of 
Thursday, September 21, was on “‘Some Properties 
of Ingots,” by A. W. and H. Brearley, Sheffield, 
which we commenced to reproduce in full in our 
last issue and conclude in the present one. It was 
read in abstract by W. H. Brearley, who, in one of 
his opening statements, called attention to Dr. 
Stead’s reference to “‘ an absolutely sound ingot ”’ ; 
Mr. Brearley added that no absolutely sound ingot 
had yet been made. The authors exhibited the 
sample of an ingot showing an exposed pyramid at 
its base (see Fig. 4 on Plate XXVIII), and several 
specimens of their stearine models made to illustrate 
the general principles of segregation and to demon- 
strate some of the causes of spongy or blown ingots. 

The discussion was opened by Dr. Hatfield, who 
congratulated the authors upon their contribution, 
which was the result of considerable experience in the 
manufacture of steel. The paper stated that when 
it was remembered that the correct casting tempera- 
ture differed from one material to another, and, also, 
for the same material according to the weight and 
dimensions of the ingots, to say nothing of foundry 
castings, there appeared to be ample room for the 
exercise of the art as distinguished from the science 
of steel-making, and it was obvious that Mr. H. 
Brearley had acquired experience both in the art 
and the science of steel-making. Many facts which 
came out gave evidence of what took place; and 
others served as an education to the workmen in 
charge. Mr. H. Brearley was formerly with the 
firm of Brown and Firth, and he had been able to 
examine conditions both in small ingots and in 
large masses ; he (Dr. Hatfield) had succeeded him, 
and had found that through the shops Mr. H. 
Brearley’s work had had a great influence in the 
attitude of mind of the men and in the actual 
practice of steel-making. The paper was such a 
good one that he thought the discussion upon it 
should be of a constructive rather than of a critical 
nature. It referred to both slag occlusions and slag 
globules, and it would be interesting if a discrimina- 
tion were made upon their origin, for “ slag” was 
a general term. He (the speaker) could hardly agree 
with the authors in their impression that there 
could be an equalisation of temperature through 
large areas of a considerable ingot. Radiation and 
conductivity came in; the centre was much hotter 
than the portions in juxtaposition, and there was a 
steady falling curve from the inside to the outside. 
The illustration showing the effect of a sloped open- 
ing in the runner brick of a bottom-cast ingot was 
most interesting. It indicated how the metal washed 
the side of the ingot mould—it formed a stream 
which upset the regular formation of crystals, and 
the trouble resulting therefrom might be of a more 
serious form than!the paper emphasised. The 





authors’ theories of ghosts were the most rational 
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which he (the speaker) had seen, but if Fig. 12 
[Plate XXIX in our issue of September 29] were 
taken in conjunction with the sulphur print 
exhibited, it would be seen that the direction of the 
diagonal cavities was different ; in regard to this, 
he suggested that when the steel was poured in a 
large ingot the non-metallic elements were in an 
extremely fine state of division, and as the ingot 
slowly cooled the finely-divided material coalesced. 
The inclusions became “chapped” between the 
crystallites. As the crystals were formed the 
crystallographic forces acted beyond the crystals, 
and the action alluded to in the paper on this point 
was probably not the true explanation. 

Professor Arnold, who followed, was of opinion 
that the use of stearine was not satisfactory to teach 
students the behaviour in the freezing of steel. He 
felt diffidence in stating what ghosts were ; the point 
was an obscure one, but the facts frequently showed 
that they were segregations high in carbon and 
phosphorus, and now, in large ingots, of nickel also. 
(Here Dr. Arnold referred to his paper on ghost 
lines read before the Institution of Mechanical 
Engineers, with which we dealt in detail in former 
issues — see ENGINEERING, vol. c, pages 542, 550 
and 575.) He thought the authors had not given 
sufficient credit to the pyrometer ; he (the speaker) 
had found most remarkable agreement in all 
pyrometrical readings and could give the strongest 
testimony to their value. He also asked, in justice 
to the steel-makers, that slag inclusions should be 
separated from sulphide of manganese occlusions. 

The discussion of the paper was resumed on the 
following day, Friday, September 22, when Mr. 
Saniter stated that he had heard it read with great 
pleasure and agreed with all it contained ; it was a 
most excellent contribution, for which the authors 
deserved the compliments of the Institution. 

Dr. Rosenhain agreed on this point with the 
former speakers. The paper was also interesting 
in that it afforded another example of the value 
of models ; these had already proved their usefulness 
in naval construction and in various branches of 
engineering, and were now to show the behaviour 
of steel ingots. One point, however, should be duly 
remembered, and it was to the effect that model 
experiments were liable to be mistaken if there were 
no law of proportionality observed—in the present 
instance the ratio of the ingot to the model. It 
was further necessary that all the physical factors 
be duly proportioned, and he was afraid it would not 
be possible to obtain that. He (the speaker) was 
not satisfied that the authors had taken into account 
the effect of the heat evolved by freezing. To 
explain his point, Dr. Rosenhain drew an ingot or the 
blackboard ; he pointed out how the heat evolved 
by freezing was met with alossof heat on the outside, 
and showed the effect upon the ingot. He suggested 
the addition, in the experiments with stearine 
models, of a piece of wax having a different colour 
from that of the stearine and suspended above ; the 
location which the wax would take up would form 
an additional guide. He showed also in his diagram 
how he suggested that the dendrites grew, and con- 
cluded by stating that the paper was extremely 
interesting and good to study, always bearing in 
mind the limitations which always attached to 
models, 

Steet Incot Derects. 


The first paper taken on Friday was the one on 
“Steel Ingot Defects,” by J. N. Kilby, Sheffield, 
which we propose to reproduce in a forthcoming 
issue. It was read in abstract by the secretary. It 
shows various manners of casting ingots and analyses 
the results obtained in the different instances. 

The discussion was opened by Sir Robert Hadfield, 
who said the paper was very interesting, as 
also was the preceding paper read by Mr. H. 
Brearley. In regard to the latter, he thought that 
reference should have been made to the remarkable 
experiments which had been carried out formerly 
by Prof. Howe with similar models. Mr. Kilby 
had stated that the only reliable type of mould for 
bottom-cast steel was the one which was cast wide 
end up. He (Sir Robert) certainly agreed with the 
author on this point and expressed the hope that we 
had now seen the last of ingots cast small end up. 
All methods which tended to produce sound steel 
reached two aims, for besides yielding a better 





quality steel they led to a saving in raw material. 
The latter consideration was now most important 
to the nation ; he hoped we had also seen the last 
of German steel and were going to stop the import 
into this country of bounty-fed iron and steel. 
Sir Robert then stated that in his works a method 
had been adopted which led to the saving of the 
output of one 30-ton open-hearth furnace a week. 
He freely offered to show the process to any. steel- 
maker who would care to communicate with him or 
with his firm on the subject. He showed a. photo- 
graph of parallel ingots which he now obtained. 
From every 100 lb. of steel he obtained 80 lb, of 
good, useful material, including all losses in the 
process and also the discard. His parallel ingots 
did not require rolling or forging for the, special 
purpose for which they were manufactured, and 
since the rolling mills in the country were full up 
with work, this was another great advantage apart 
from the saving in cost. Each ingot gave two good 
blanks. The photograph he exhibited of a vertical 
section through the ingot showed that there was no 
honeycomb from top to bottom. Steel-makers had 
adhered far too long to the old type of ingot, and 
he (Sir Rohert) would like Mr. Brearley to sketch 
out the lines of freezing on the section of a parallel 
ingot of the Hadfield type. 

Mr. Greville Jones appreciated the casting of 
ingots with the large end up and added that the use 
of the tun-dish, or intermediate ladle, gave a better 
steel; there was a very great difference between the 
billets teemed in this manner and those teemed in 
the ordinary way direct from the ladle. * 

Dr. Stead said it was most interesting to have 
papers of this kind put before the Institute; he 
found the one by Mr. Brearley of great value. 

Mr. F. W. Harbord was of opinion that the wide- 
top ingot—which he thought was first introduced 
by Mr. Saniter—had come to stay ; it had a remark- 
able effect upon the steel and reduced the number 
of wasters. 

Mr. E. H. Saniter said one of the advantages of 
using che tun-dish in teeming was partly to cool 
the steel and partly to reduce the speed of teeming. 
He explained the action of the various types of tun- 
dishes, and added that if the operation were correctly 
proportioned, teeming could be effected without 
cracks in the ingots. It was possible to cast ingots 
18 in. by 19 in. or 16 in. square without cracks in 
them and to roll them without their cracking. 

Mr. H. B. Toy gave his experience as a cast-iron 
manufacturer; he found that when casting heavy 
rolls it was not necessary to provide for an enormous 
sinking head, but to feed the rolls with very hot 
metal. They were not cast from the top, but from 
the bottom, at an angle with a spiral movement. 
It was absolutely necessary to have a proper thick- 
ness of chill. 

Sir Robert Hadfield asked whether the French 
Government allowed the use of tun-dishes, where- 
upon both Mr. Saniter and Mr. Greville Jones said 
the French Government insisted upon their use. 

Dr. Hatfield, who had spoken on the previous 
day on Mr. Brearley’s paper, said that the tun-dish 
assisted Also in keeping foreign elements out of the 
ingot steel. 

On the motion of the chairman, the authors of 
the two papers were awarded the hearty thanks of 
meeting. 

NoTes ON PEARLITE. 

The last paper taken was one entitled “ Notes on 
Pearlite,” by Dr. Henry M. Howe and Mr. Arthur G. 
Levy, B.Sc., F.LC. It was read in abstract by the 
secretary. 

In this, the authors call a predetermined tempera- 
ture, usually 800 deg. or 900 deg., “‘T max.,” and 
they study the effect of varying the heating 
temperature, T max., and the rate of cooling on the 
position, length, and rise of Ar 1, and on the pro- 
perties and microstructure of a eutectoid carbon 
steel. Their experiments show, among other things, 
that hastening the cooling lowers Ar 1 max. from its 
equilibrium position of about 725 deg. C. at least 
to 625 deg if not to 530 deg. Raising T max. from 
800 deg. to 900 deg. lowers Arl slightly, about 
5 deg. Hastening the cooling at first increases the 
rise of temperature in Ar 1, but later lessens it. 
These variations in Ar! are referred to corresponding 
variations in the degree of under-cooling. 





The authors propose two additional stages, sorbitic 
pearlite and sub-lamellar pearlite, in the micro- 
structural series between sorbite and lamellar, 
pearlite. They would restrict “sorbite ” to struc- 
tures irresoluble under a magnification of 500 
diameters and to those in which the transformation 
is complete, so that no allotropic iron or hardening 
carbon is present. 

The rate of cooling from 650 deg. down does not 
affect the microstructure or the tensile properties 
unless the cooling as far as 650 deg. has been at least 
relatively rapid. The formation of lamellar pearlite 
is caused by an intermediate rate of cooling, slow 
enough to permit the lamella to form, yet not so slow 
as to allow them in turn to granulate; 900 deg. 
lamellar pearlite is coarser and more stable than 
800 deg. The rates of cooling which give and 
preserve lamellar pearlite are much faster when 
the T max. is 800 deg. than when it is 900 deg. The 
microstructure is determined by the last heating and 
cooling past Arl. Every increment of the rate of 
cooling increases the strength and lessens the 
ductility. Unless the rate of cooling is rather 
rapid, the tensile strength of the 800 deg. specimens 
is far less than that of the 900 deg. This, in the 
paper, is referred to “divorce.” The 800 deg. speci- 
mens are far more ductile than the 900 deg. ones, 
and their proportional limit is not deficient as their 
tensile strength is, effects which the authors refer 
provisionally to the “ finer 800 deg. structure.” 

A longer heating to a given temperature is prob- 
ably equivalent to a shorter heating to a higher 
temperature. 

Professor Arnold, who opened the discussion, 
said he had read the paper with great interest ; it 
gave evidence of most careful work; he was glad 
to have the paper. Dr. Howe had showed in putting 
it forward that he was not one of the Americans 
who were “too proud to fight.” He (the speaker) 
regretted to notice in the first footnote in the paper 
that Dr. Howe’s collaborator, Mr. A. G. Levy, 
had passed away since the paper was written. 
Dr. Arnold differed from Dr. Howe on certain 
points. Dr. Howe had introduced refinements in the 
nomenclature by introducing new terms; this 
would do rather harm than good, and he would like 
Dr.. Howe to reconsider the point. Pearlite did 
present several marked features, and he noticed 
that Dr. Howe had adopted an old friend of his (the 
speaker’s) which was used before the Institution of 
Civil Engineers in 1895. He referred to emulsive 
peaglite, in which the carbide was outside the range 
of microscopical vision. Then there was sorbitic 
pearlite, in which the carbide was just within the 
range of microscopical vision. There was a dispute 
about sorbite, and Dr. Arnold had always used 
Sorby’s method of observation’; it differed from 
the methods followed by other scientists, and to 
this he traced the differences met with. He had 
always called the granular the decomposition product 
of pearlite, and for all practical purposes it was not 
necessary to go beyond that. Modern research had 
shown that we had now four’ kinds of pearlite— 
iron pearlite, tungsten pearlite, vanadium pearlite 
and molybdenum pearlite—and a classification 
which dealt only with iron pearlite did not go far 
enough in view of the great importance gained by 
high-speed steels. The four distinct types of pearlite 
transformed into four distinct types of hardenite, 
and all should be taken into consideration. He 
would ask Dr. Howe for more details ; a record of 
his furnace conditions and his pyrometry conditions 
would also greatly add to the value of the paper. 
He (Professor Arnold) had called attention to the 
great difference in the mechanical properties, stress 
and elongation of specimens differently heat treated ; 
the pearlite came in to influence the mechanical 
properties, and he appealed to Dr. Howe to take up 
the question of the four pearlites and four har- 
denites, for there was no doubt as to their existence. 

Professor Turner found that the paper was 
a distinct addition to our knowledge of the nomen- 
clature, and much could be said in favour of the line 
which Dr. Howe had followed. They all observed 
and recognised pearlites when they saw them, but 
when two metallurgists discussed the points, unless 
they had photographs to compare or specimens to 
examine, it was difficult for them to agree together 
unless, further, they had a system of classification. 
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He (the speaker), for example, had used on one 
occasion the term “rosy pink” in one of his 
descriptions, and when such a term came up in a 
discussion one knew exactly what was meant and 
it obviated the necessity of using awkward terms 
which had other meanings. The differences were 
microscopical differences, not constitutional. 

Dr. Rosenhain expressed the opinion that Dr. 
Howe’s statement to the effect that he would 
restrict “sorbite”’ to structures irresoluble under 
a magnification of 500 diameters was a little vague. 
He explained by sketches on the blackboard how 
resolution could be arrived at, the specimen being 
rotated under the microscope. In regard to names, 
this was much a matter of taste, and it might be 
good to have a range of names to fall back upon if 
wanted ; for instance, the term “ globular pearlite ” 
which he (the speaker) had adopted. The mecha- 
nica] properties also depended upon the size of the 
pearlite crystals, and Dr. Howe had not touched 
sufficiently upon that point, which must affect the 
mechanical properties of the metal. In regard to 
the rate of cooling and so forth, this depended 
greatly upon how the process was carried out, and 
he (Dr. Rosenhain) moved his specimens from a 
hotter to a cooler part of the furnace and vice versa. 
The difference in results might also depend upon 
how Dr. Howe obtained his thermal data. 

Sir Robert Hadfield stated that Dr. Howe’s table 
of tensile tests and microstructure would greatly 
increase in usefulness if he (Dr. Howe) would add 
the figures for the Brinell hardness, the scleroscopic 
numbers, and also the results of shock tests. 

Dr. Hatfield greatly appreciated the paper and 
took that opportunity for extending his thanks to 
the author. It was intensely interesting and con- 
tained a number of useful data, which data would 
be beneficial in works practice also. In regard 
to the nomenclature, he agreed with Professor 
Arnold and supported him in his appeal for simplifi- 
cation; he nevertheless fully appreciated Dr. 
Howe’s work. 

At this juncture the secretary read a letter from 
Dr. Howe, who, after referring to the death of his 
colleague, said their most important disclosures 
were the great instability of lamellar pearlite found 
after a brief heating to temperatures such as 800 deg. 
only moderately above Ac,, and the great loss of 
tensile strength caused by its divorce even in an 
only moderately retarded air cooling, without 
lowering of the proportional limit. This last result, 
added Dr. Howe, should be accepted with caution. 

On the motion of the chairman, Dr. Howe was 
awarded a hearty vote of thanks for his communi- 
tion. 


Norges on THe Errecr or Biast-FuRNACE 
Gases on Wrovent Iron. 


In the absence of Dr. Stead, the author of the 
paper on the carbonisation of wrought iroo when 
exposed to blast-furnace gases, Dr. Arnold showed 
to the meeting a number of specimens illus- 
trating the action of the gases. This action can 
be seen from the engravings accompanying the 
paper, which we reproduced on page 303 ante. 

The remaining papers on the list were taken as 
read and will be discussed by correspondence. 


Tue INSTITUTE AND THE STATE. 


In the course of the proceedings on Friday, the 
22nd September, a letter was read from Mr. Mure 
Ritchie expressing his regret at his inability to be 
present, and asking that the question of trade should 
be deferred till the next spring meeting, and adding 
that the Committees which it was proposed to form 
would probably meet the case. This was agreed to. 


ALTERATION OF Byz-Laws. 


The chairman then announced that the Council 
had consulted their solicitors, who pointed out the 
difficulty there was in the matter of the bye-law 
passed at the last meeting.* This was then with- 
drawn at Friday’s meeting. The chairman then 
announced that the Lords of the Privy Council had 
recommended the substitution in place thereof of 
another bye-law in the following form :— 

“The Council shall Rave power to decree the 


* See Rincmmbathe, weit ec, page 319, and vol. ci, 
page 430. 








suspension of any ordinary or honorary member, 
or to remove from the list of members of the Institute 
the name of any ordinary or honorary member for 
wilful contravention of the bye-laws or for any other 
reason which shall seem to them sufficient. Pro- 
vided, however, that no member, whether ordinary 
or honorary, shall be suspended, nor his name be 
removed from the list of members, unless the 
Council so decide by a majority of at least two-thirds 
at a meeting at which there are not less than 12 
members of Council present and voting.” 

This new bye-law will come up for consideration 
at the spring meeting of 1917. 

The usual votes of thanks to the Institution of 
Civil Engineers for the loan of their hall and to the 
chairman concluded the proceedings. 





NOTE. 


AGGLOMERATING INSTEAD OF BRIQUETTING 
POWDERED ORES. 

Tue dust which we try to avoid in our houses 
and streets is nowhere more harmful and wasteful 
perhaps than in metallurgical and chemical works. 
The ores to be concentrated have to be reduced to a 
fine pulp, and when the concentration has been 
accomplished, the fine dust is unsuitable for furnace 
treatment. Hence briquetting has to be resorted 
to, and in many cases has only proved successful 
after long and expensive experiments. According 
to a lecture recently delivered at Essen by 
Mr. C. A. Brackelsberg, of Diisseldorf, (Zeitschrijt 
fiir Angewandte Chemie, July 25, 1916), powdered 
ores can often be agglomerated in a very simple 
way. In an experimental demonstration he wetted 
some powdered roasted pyrites with solution of 
magnesium sulphate ; the fine ore particles at once 
agglomerated to balls, as large apparently as peas, 
and larger. The solution of magnesium sulphate is 
supposed to act as a cement, even after the balls are 
dried, by the formation of crystals, holding the 
particles together. The dried balls were described 
as hard; when broken by the hammer they gave 
little dust, and they did not crumble after heating 
to a red glow. Magnesium chloride and ferric 
chloride were used as cements in other experiments. 
All these salts are hygroscopic, and that might be a 
doubtful advantage. But it may be that the 
hygroscopic character favours the agglomeration, 
which, to a certain extent, may be chemical and 
not merely physical. Fine powdering of the 
material appears to be essential, and very fine 
particles are chemically much more active than big 
lumps. In practice Brackelsberg mixes the 
powdered ore with the solution in a hopper which 
delivers into a tube mill; from the tube the balls 
pass into the drying chamber and into a bin. With 
roasted blende or pyrites the treatment was said 
to cost from 1 to 2.50 marks (shillings) per ton ; 
the drying can mostly be effected by waste heat, but 
the ore may first have to be powdered, of course. The 
lecturer did not expressly state that his process was 
patented ; but he did not give particulars about 
the size of the balls, the amount of solution wanted, 
and the time taken by the treatment; that the 
feed may be rapid is quite likely. He had a 
good deal to say, however, about the advantages of 
his process. If the balls be porous in spite of being 
hard, the desired reduction and oxidation processes 
will be facilitated and hastened, and he demonstrated 
this by diagrams illustrating various quantitative 
experiments. A furnace stacked with balls will, 
as it is, permit of a more easy gas circulation than 
a furnace charged with closely packed ore fragments. 
It is also not improbable that the roasting of the 
ores may be accelerated and perfected by agglomera- 
ting the ores, and that the oxygen of the air will be 
more fully utilised than with ordinary roasting. 
Mr. Brackelsberg further claims that the agglo- 
merated ore can more readily be chlorinated, by 
means of chlorine gas or of hydrochloric acid, than 
can be done under ordinary conditions; and that 
impurities like arsenic can be extracted from 
agglomerated oxidic iron and manganese ores, which 
the arsenic would render unfit for metallurgical treat- 
ment. The small amount of impurity introduced 
with the cementing solution need not count, parti- 
cularly if iron chloride be not employed. But one 
cannot say much more than that the suggestion looks 
worth inquiring into. 
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The Naval Architects’, Shipbuilders’, and Marine Engineers’ 
Pocket-Book. By CLEMENT Mackrow, M.I.N.A., and 
Luoyp Woottarp,M.I.N.A. London: Crosby Lock- 
wood and Son. Price 12s. 6d. net. 


Ir is not too much to say that no book is more 
widely known or more commonly used for handy 
reference by Naval architects, shipbuilders and 
marine engineers than Mackrow’s Pocket Book, 
and it is therefore a pleasure to find that the newest 
edition of this standard work of reference brings 
it well abreast of the modern developments in the 
allied sciences of shipbuilding and engineering. 
Much of the subject-matter has been re-written 
and re-arranged, while obsolete data have been cut 
out and more useful information substituted. 

The insertion of new chapters on Speed and 
Horse-power, Strength of Materials, Riveted Joints, 
Stresses in Ships, Aerodynamics and Aeronautics, 
also data regarding rolled steel sections approved 
by the Engineering Standards Committee, and 
Strength of Bulkheads, has greatly increased the 
usefulness of the pocket-book without adding to 
its size. The chapters dealing with Speed and 
Horse-power, as also that on Propellers, contain a 
vast amount of useful information in a very con- 
venient form and summarise the results of investiga- 
tion and experiments of such well-known authorities 
as the Messrs. Froude, Messrs. D. W. Taylor, W. J. 
Luke, G. 8. Baker, &c. To those who have occasion 
to estimate the horse-power required for a new 
design and have not the use of an experimental tank 
for conducting model experiments, the information 
given should prove exceedingly useful. Strength 
of beams under various conditions of loading, 
strength of rivets and riveted work, strength of 
plating under water pressure, and strength of cast 
steel propeller brackets are dealt with very fully 
and formule given by means of which all ordinary 
calculations may be performed. A detailed descrip- 
tion of the methods by which the tensile and com- 
pressive stresses set up in a vessel floating on the 
conventional trochoidal wave are calculated is 
given, the value of the results arrived at by means 
of these calculations being enhanced by data show- 
ing the stresses allowable in various sizes of ship. 
Useful information is contained in the chapter deal- 
ing with watertight bulkheads, and this is opportune 
in view of the recent Bulkhead Committee. 

To the present writer it has always seemed that, 
while the information contained in the Pocket Book 
under review is exceedingly comprehensive in its 
variety and scope and of the highest utility to the 
draughtsman and designer, there is room for an 
extension of its sphere of usefulness in the direction 
of pointing out the practical considerations which 
should underly and govern good design. Too often 
it is found that plans issued from the drawing office 
to the yard are drawn out with little or no regard 
being paid to the practical difficulties or cost of the 
construction shown. Inaccessibility for riveting and 
caulking, or for subsequent cleaning and painting, 
are very common forms of this trouble. Reduction 
in the amount of smithed angle or furnaced plate 
work is another point too frequently lost sight of 
by the designer, with consequent increase in cost 
of labour and loss of time in the yard or shop. It 
may be contended that this does not properly come 
within the scope of a pocket book, but the fact that 
a copy of Mackrow is to be found in every drawing 
office and is, indeed, regarded by draughtsmen as 
almost part of their equipment, is the best proof 
of the suitability of this medium for the distribution 
of information of the nature suggested. Such infor- 
mation is occasionally to be found in text-books, 
but these are not generally available, and it would 
be of great value to have it included as an addition 
to the book: 

Data regarding oiltight and watertight packings 
and injection compositions, modern composition 
substitutes for wood decks, new types of boat davits 
and life-saving rafts, acetylene and electric arc 
welding and other points which readily suggest 
themselves to the mind and which would be of very 
great service to the shipbuilder, would add to the 
value of the book, and might, in the opinion of the 
writer, be advantageously inserted in place of some 
of the tables of dimensions of blecks, hooks, &c., or 
Lloyd’s Rules for masts and rigging. 
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The two chapters on Aerodynamics and Aero- 
nautics are contributed by Mr. A. W. Johns, 
M.I.N.A., R.C.N.C. These are both of great 
interest and value, the former in particular affording 
useful information to the naval architect in dealing 
with problems connected with hydroplanes and the 
hulls and rudders of submarines, propellers, &c. The 
subject-matter of previous editions has been entirely 
revised and in many cases re-arranged and re- 
written, so that the book is now thoroughly up-to- 
date and will undoubtedly retain its deservedly 
popular place in the esteem of shipbuilders and 
ship and engine designers. Mr. Woollard is to be con- 
gratulated on the success with which he has com- 
pleted the work of revision, which entirely devolved 
on him through the untimely death of Mr. Mackrow. 
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Tue InstituTION OF HEATING AND VENTILATING 
ENGINEERS (INCORPORATED).— The autumnal general 
meeting of this Institution will be held on Tuesday, the 
10th inst., at the Holborn Restaurant, Holborn, W.C. ; 
the meeting will commence at 6.30 p.m., when a paper by 
Mr. Alewyn A. Jones on ‘‘ The Coefficients of Heat Trans- 
mission established by the Austrian Engineers,” will be 
read and discussed. The meeting will also consider 
the recommendations of the Standardisation Committee 
in regard to the adoption of symbols for heating and 
ventilating engineers. 


Gauthier- 
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THE LATE SIR WILLIAM THEODORE 
DOXFORD. 


By the much-regretted death of Sir William Theodore 
Doxford there has passed away a shipbuilder who 
greatly assisted in the improvement of the cargo-carry- 
ing type of steamer (a type which, after all, is the great- 
est contributor to British maritime prosperity) and one 
who further contributed to establish the widely- 
recognised position held by the Wear district for the 
efficiency of this type of vessel. Sir Theodore, too, 
while working with a large degree of originative ability 
and high rectitude of character for the advancement 
of the firm which was founded by his father 76 years ago, 
exercised an important influence on the public life of the 
; community, devoting his spare time to problems of 
| local and imperial government. 
| Bornon February 1, 1841, the son of the late William 

Doxford, who had started shipbuilding in a com- 
paratively small way on the Wear, the subject of our 
memoir was educated at the Bramham College, and 
| passed into his father’s works at the age of 17 years. 
| The firm were then engaged exclusively in the building 
| of wooden ships, but a few years later laid down their 
first iron vessel. So successful were they that larger 
| premises were required, and in. 1869 the site for the 
present works at Pallion was secured, and from this 
| time forward the prosperity of the firm moved forward 
| 








Lafayette, Photographer. 
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at a much accelerated pace. In the earlier years the 
firm were supplied from other sources with the propel- 
ling engines for the ships they built, but the subject of 
our memoir, with his brothers, recognised that the 
fullest measure of success required them to organise a 
marine engineering department, in which splendid work 
has since been done. In 1891 the firm adopted the 
Limited Liability Act and took the title of “* William 
Doxford and Sons, Limited.”’ About this time Mr. 
Charles Doxford introduced the now well-known 
turret system of ship design, and its popularity resulted 
in a great accession to the volume of work carried out 
|at the Pallion Yard. Indeed, in 1895 the output of 
| the firm exceeded that of any other shipbuilding estab- 
| lishment in the kingdom, being 20 vessels of 86,632 
tons, while in the following year the production was 
25 vessels of 106,058 tons. Other improvements 
| effected in ship design were the introduction, in 1912, 
| of a patent discharging conveyor belt for colliers, while 
later the firm devoted themselves largely to the building 
of coal and ore-carrying steamers of the shelter-deck 
type with side ballast tanks. In 1875 the firm estab- 
lished a relationship with the Admiralty when they 
built four composite vessels, but with the exception of 
two destroyers forming part of the first flotilla of 
vessels for the British Navy, built in 1894-95, the firm 
have contented themselves, until quite recently, with 
the construction of merchant vessels, and Sir Theodore 
has been most continuous in his solicitude for the 
welfare of the company. 

Elected a member of the Institution of Naval 
Architects in 1874, Sir Theodore first entered the 
Council of the Institution in 1896, and some years 
llater became a vice-president, He took little part 














in the proceedings of the Institution, but it was to him 
a peculiar source of gratification that, as president of 
the North-East Coast Institution of Engineers and 
Shipbuilders, a position he held in 1886-87, he welcomed 
the Institution of Naval Architects to the north-east 
coast when the summer meeting was held there in the 
latter year. He was a member of the British Corpora- 
tion for the Survey and Registry of Shipping and a 
representative of the Wear Shipbuilders’ Association on 
the Board of the Shipbuilding Employers’ Federation, 
where his great fund of common-sense was of distinct 
service in the negotiations with the workmen. 

In the public life of the district in which his works 
were located Sir Theodore took an active part. For 
some time he was a member of the Sunderland Town 
Council and of the River Wear Commission. He was a 
magistrate for Sunderland as well as for the County 
Palatine of Durham. He was also a Deputy Lieutenant 
of the county. He became a leader of the Unionist 
party in Sunderland, and was returned to Parliament 
as one of the borough members in 1895, being the first 
Conservative member for 40 years. He was again 
returned in 1900, but retired in 1906, although he 
continued to take an active part in the affairs of the 
Conservative party. The honour of knighthood was 
conferred upon him in 1900. 

Sir Theodore married the daughter of a Sunderland 
shipbuilder (Richard Wilkinson) on April 9, 1863, and 
he and his wife had the great fortune uf celebrating 
their golden wedding in April, 1913, amidst their 
family, of 6 children and 23 grandchildren, and many 
friends. Lady Doxford died as recently as July last, 
and the loss to Sir Theodore, who had not been in a 
satisfactory state of health, had serious effects. For 
two months he had been confined to his bed, but his 
condition did not become alarming until Friday of last 
week. His death took place at his residence, Grindon 
Hall, Sunderland, on the Ist inst. Of his family of one 
son and five daughters, his only son, Mr. A. Ernest 
Doxford, M. A., is a director of the company. 
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Boarp oF TRADE AND PrRovistonaL Orpers.—The 
Board of Trade (Harbour Department) has recently 
written to the Society of Parliamentary Agents stating 
that it will be prepared to entertain applications for 
Provisional Orders in the ensuing session when it can be 
shown that the establishment of works under the schemes 
proposed will be proceeded with as soon as practicable 
after the war. In antes mf whether an application 
shall be allowed to proceed, the Board will have particular 
regard to the considerations as to how far the exercise 
of the powers will provide an outlet for labour or for the 
utilisation of plant and machinery which have been 
employed for the purposes of the war. 

Trape ScHOLARSHIPs ror Boys, 1917.—The London 
County Council offers about 250 trade scholarships to 
boys between the ages of 12} and 16 years. The scholar- 
ships provide free education (with maintenance grants 
ranging from 6/. to 151. a year), for one, two or, in certain 
cases, three years, at trade schools approved by the 
Council. The instruction provided is designed to enable 
boys to take up either apprenticeships or employment in 
skilled trades. Instruction is given in motor-bod 
building, the engineering and allied trades, building 
trades, furniture and woodwork trades, book production, 
silversmithing, photo-engraving and photo-process work, 
&c. Application forms (T.2/258) and full iculars 
of the scholarshi may be obtained from the Education 
Officer (T.2.), L.C.C. Education Offices, Victoria Embank- 
ment, W.C., to whom all applications must be forwarded 
not later than Saturday, the 14th inst. 

“Tue Desicn or Continvous Beams.”’—A paper on 
this subject was read before the Society of Engineers on 
October 2 by Mr. E. 8. Andrews, B.Sc. The author.said 
that a continuous beam was one which rested on more 
than two supports, and was classified as ‘‘a statically 
indeterminate structure because the stresses in it could 
not be obtained by an application of the laws of graphic 
statics only, a consideration of the deflected form of the 
beam being also necessary.”’ A numerical example of the 
calculations for a continuous beam of turee spans was 
given, together with an explanation of the treatment to 
be adopted when one of the ends of the beam was fixed. 
Tables were given of bending moment and reaction co- 
efficients for uniformly loaded continuous beams of equal 
spans varying in number from two to nine. Winkler’s 
diagrams for two, three and four equal spans carrying 
live and dead loads were also given, from which the 
maximum positive and negative bending moments at any 
point of the span might be readily computed. Turneare 
and Maurer’s coefficients for the maximum positive 
and negative bending moments at mid-spans and supports 
for equal spans from two to seven were given, together 
with approximate results which were said to be 
sufficiently accurate in many cases for practical design. 
Isolated loads on continuous beams of two equal spans 
were next considered, and explained by the aid of a 
numerical example. The paper concluded with the full 
calculations of the bending moments and shears for a 
warehouse floor framed with continuous beams. The 
external secondary beams, it was stated, had to 
greater loads than the internal ones on account of the 
continuous construction of the floor slabs, and diagrams 
of maximum positive and negative bending moments 
for loaded and unloaded conditions were given. 
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LARGE GERMAN WAR PROFITS. 


A numper of large Germmn concerns in the iron and 
kindred industries end their financial year on June 30, 
and some reports show exceptional profits for last year. 
Thus the Phénix Company, one of the most important 
undertakings in the German iron industry, made 
working profits for 1915-16 amounting to the substantial 
sum of 57,843,557 marks, which, allowing for ‘business 
expenses and interest, leaves profits of 46,790,651 
marks, which, after writings-off amounting to 12,755,667 
marks and other items, again leaves net profits of 
32,849,197 marks, against 15,470,018 marks for the 
preceding year, to which is added a sum of 9,204,326 marks 
carried forward from 1914-15. The dividend is 20 per 
cent, for last year, absorbing 21,200,000 marks, against 
12 per cent. for 1914-15; 2,000,000 marks are added 
to the employees’ pension fund, 1,000,000 marks 
reserved for war welfare purposes, 4,367,000 marks are 
added to a special war reserve, &c. Although the 
Phénix Company has had some good years in the 
past, notably the year 1912-13, last year is considerably 
ahead of that year, and of last year the second half 
again has been the better. The company was able to 
increase its production not immaterially as compared 
with the first year of the war, probably some 10 to 15 per 
cent. as far as mining undertakings and ironworks are 
concerned, although the production was still some 
25 per cent. behind that of normal years. This reduc- 
tion, however, has been counterbalanced by the rise in 
price of most of the commodities produced by the Phénix 
Company. Thus the price of pig-iron has risen from 
66 marks to 90} sole per ton during the war, and 
billets from 82.50 marks to 127.50 marks, and bar iron 
from 96 marks to about 195 marks per ton. But it 
should be observed that these heavy advances in quota- 
tions have not obtained during the whole of the year 
under review. The Phénix Company cannot be compared 
with other undertakings which have earned tremendous 
profits, as, for inst , the Boch Steel Union which, on 
a much larger scale, makes a s 
or the Van der Zypen Steelworks. 
ge of coal and iron products has proved ve rofit- 
able, for although the quantities were curtai and 
become so more and more, the prices obtained from 
abroad were considerably higher than those ruling on the 
home market. The coal-mining industry altogether 
yielded better results than during the preceding year. 

The Friedrichs Hiitte Mining and Iron Works Com- 
pany, Herdorf, states that last year the works were 
as fully employed as the shortage of labour would admit. 
Almost the entire production of iron ore and iron 
was absorbed by military contracts, and during the 
current year the company was fully employed at re- 
munerative prices. he dividend for 1915-16 was 
raised from 8 per cent. in 1914-15 and 5 per cent. in 
1913-14 to 20 per cent. The Hasper Iron and Steel 
Works, Haspe, in Westphalia, state in the annual report 
that the year had passed entirely satisfactorily, it having 
been possible to adjust prices in accordance with the 
higher cost of production. At the beginning of the year 
the Siemens-Martin works had been put in full swing 
and its — entirely confined to high-price quality 
steel. The Thomas works and the rolling-mills had been 
as fully employed as available labour would allow with 
production of half-finished goods, shape iron, bar-iron 
and rolled wire; the company’s average production in 
1915-16 had been about 70 per cent. of the largest peace 
production. Three blast furnaces had been in full blast 
throughout the year; a fourth started at the end of 
August. The Thomas works had been going the entire 
year. The available pig-iron had principally been used 
in the manufacture of high-quality material. In the 
Martin works a new furnace with a daily capacity of 
40 to 50 tons had been commenced, to be ready for work 
in the beginning of 1917. The girder rolling-mill was 
altered so as to manufacture heavy Thomas and Martin 
— billets, and from September the production of the 
Martin works was exclusively used in this mill; the 
unused plate rolling-mill was adapted to the same 
purpose, and the rolling of plates will not be resumed 
during the war. The production during last year was : 
Pig-iron, 202,810 tons; billets, 196,470 tons; rolled 
goods, 180,820 tons. The working of the Jarny iron 
ore deposits was discontinued. The goods despatched 
had a value of 34,420,000 marks, against 18,080,000 
marks in the preceding year. Of electric ene 
41,310,000 kw.h. were generated. The writings-o 
amounted to 2,943,981 marks, inst 1,202,053 
marks for the preceding year, and the net profits to 
3,604,076 marks, against 235,907 marks for the previous 
year. The dividends for the two years were respec- 
tively 16 per cent. and 4 per cent. 

The Charlotte Hiitte, Niederschelden, has, during 
1915-16, despatched of a value of 25,636,941 
marks, against 10,059,923 marks in the preceding year, 
the first-named figure being inclusive of the new Kéln- 
Miisen section. So as to get over the difficulty of ore 
supply the Charlotte Hiitte, tonk\all the 100 shares 
(Kuxe) of the Knappschaftsgliick mine, in Siegen, for a 
price of 5,500 mai per share. The dividend for last 
year has been fixed at 16 per cent., against 8 per cent. 
for the preceding year. 

The Oberbilker steelworks, Diisseldorf, pays 10 per 
cent. on the preferred shares and 4 per cent. on the 
ordinary shares, against respectively 6 and no dividend 
for the preceding year, in addition to which the writings- 
off le Love about 50 per cent., 300,000 marks have been 
reserved for restoring the com to working, and 
249,000 marks bei aed to 6 special war mo. as e, 
neither of which funds were added to last year. 





iality of war material, 
No doubt the 


The Luther Machine Company, in Brunswick, 
8 per cent. dividend for last year, i La 
for the preceding year, &c. 


5 per cent. 





THE ACCIDENT TO THE NEW 
QUEBEC BRIDGE. 


Yesterpvay (Thursday, the 5th inst.) there arrived 
in this country a number of American technical papers 
containing accounts of the accident to the new Quebec 
Bridge. We have already dealt with this matter as 
far as it was possible to do so in the absence of detailed 
information as to the exact way in which the failure 
occurred. In our issue of September 15 we gave 
illustrations of the lifting gear, and explained the 
methods which were proposed and followed until the 
centre span had been raised some 30 ft. In our last 
week’s issue we reproduced some photographs of the 
bridge, one of them showing the centre span in the 
act of falling. We now give extracts from two 
American papers—the Railway Age Gazette and the 
Scientific American—in both of which theories are 
ee as to the cause of the disaster. In a 

ter issue we shall deal with the matter at length. 
The Railway Age Gazette writes :— 

““When the suspended span of the Quebec Bridge 
fell into the St. Lawrence River on September 11, it was 
assumed that no evidence as to the cause of the accident 
was left above the water. Later investigations of the 
hoisting equipment have shown the contrary to be true 
and reveal exactly how and why the span fell. These 
investigations show conclusively that the collapse was 
due to the failure or breaking of the south-west supporting 
bearing allowing the span to drop down on the hoisting 
girder. The impact set up a rocking movement in this 
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girder, which was kicked back in a south-westerly direc- 
tion, and allowed the span to slip entirely from its support 
at this point. Immediately afterward it pulled or twisted 
— from its other supports and disappeared into the 
water.” 


The Scientific American says :— 


“And now as to the probable cause of the disaster. 
By reference to the approximate sketch showing the 
universal rocker-bearing between the lower chord of 
the span and the lower lifting girder, it will be seen that 
the point of attachment of the lower end of the lifting 
chain to the transverse lifting girder is several feet 
below the rocker-bearing interposed between the lifting 
aed and the bottom chord of the suspended span. 

nder these conditions the system was in unstable 
equilibrium ; for if there was any movement due to 
change of length of the span as the result, let us say, 
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of the change of bearing from the trusses to the lifting 
girders, or to change in temperature, or what not, there 
would be a tendency of the span to rotate the lifting 

irder about the pins connecting it to the lifting chains. 
fn this case there would be a sliding movement of the 
bridge chord and its rocker-bearing upon the lower pin, 
whose axis is parallel to the axirof the suspended span. 
These pins were probably greased, and it can be readily 
seen that once the sliding motion had set in it would be 
aggravated as it proceeded until the lifting girder was 
pushed back clear of the end~of the central span, as 
indicated by dotted lines in the sketch. A little more 








fe gogo good sense and thoughtfulness would have 
: led to the placing 


of the connecting pin between hanger 





chain and lifting girders several feet above instead of 
several feet below the rocker-bearing. Had this been 
done, it is our opinion that, since the system would have 
been in stable equilibrium, the accident could never have 
occurred.”’ 





DEVELOPMENT OF IRRIGATION IN 
SOUTH AFRICA. 

H.M. TrapE CoMMISSIONER in South Africa, says the 
Board of Trade Journal, has forwarded an extract from 
the local press relative to the results of investigations 
in regard to the development of irrigation in South 
Africa made by the Minister of Lands during recent 
visits to various parts of the Cape Province. The 
Minister first visi the works along the Olifants River, 
in the Van Rhynsdorp district, which are being carried 
out by the Irrigation Department, and are by far the 
largest hitherto undertaken in South Africa. The works 
have to be carried through very rough country and 
present a multitude of difficulties, but with good soil 
and plenty of water available the large area of un- 
cultivated land awaiting irrigation will no doubt justify 
this great scheme, which will cost just over half-a-million 
sterling. 

A very large proportion of the irrigable area under 
this scheme belongs to the State and will be avail- 
able for settlement. The districts of Worcester and 
Robertson are the cradles of co-operative irrigation 
enterprise in South Africa, there being in the Brede 
Valley alone not less than nine co-operative irrigation 
schemes, all constituted and financed under the Irrigation 
Act. It is regarded as essential for the proper develop- 
ment of this very valuable irrigable land that the present 
system of flood irrigation should give way to perennial 
irrigation, with the aid of conservation works. The 
Department of Lands has accordingly put forward a 
proposal involving works of a somewhat unusual type 
which would satisfactorily solve this difficulty and would, 
by an expenditure of 50,000/., place all the irrigable 
lands of the Worcester, Robertson and Ladysmith 
districts, together with an additional area at present 
unirrigated, under perennial irrigation. The landowners 
fully realise the necessity of constructing such works. 

In Ladysmith district there has been a great develop- 
ment of irrigation in spite of the most formidable natural 
disadvantages. The Department is now engaged on the 
investigation of a very large conservation project on the 
Buffels River, which will have the effect of enormously 
increasing the productivity of that rich district. Two 
co-operative schemes are now under consideration, one 
of which, the Prins River Poort storage scheme is of 
exceptional interest in that it involves the construction 
of a rock-fill dam, over 90 ft. in height, a type of structure 
unique in South Africa, but which promises to offer a 
solution for many difficulties in the way of the con- 
struction of storage works in many parts of the Union. 
The Calitzdorp dam, in Oudtshoorn, is being constructed 
of concrete ; it will be 113 ft. high, and when completed 
will have cost 120,000/. It wiil place a comparatively 
small, but very valuable, area under perennial irrigation. 
By far the greater portion of the rich Oudtshoorn lands 
are, however, entirely dependent on a most precarious 
supply and, owing to the damage done in the district 
by floods after severe drought, the farmers are convinced 
that storage on a large scale is essential; they are 
extremely anxious that the Government should under- 
take, on their behalf, the construction of the proposed 
Kammanassie storage scheme, this being the most 

romising of a large number of storage projects which 
ee been investigated by the Irrigation Department 
during the past seven years. The final details of this 
scheme are now being worked out. 

Along the Groote River, in the Steytlerville district, 
there is an urgent demand for conservation works, 
and large storage schemes are being investigated by 
the Department. In the Lower Sundays River valley 
two companies have undertaken the development of a 
very large area of rich alluvial land, which is being 
rapidly turned into a settlement of valuable small 
holdings. Both schemes, however, are dependent on 
flood-water. As something less precarious than flood- 
water is necessary for the proper development of this vast 
area the Department is at present investigating a large 
conservation scheme which, it is hoped, will be practicable 
from both the financial and engineering points of view. 





Coxe tn Steam Ratsinc.—Since the outbreak of war 
the London Coke Committee has supplied for use on 
steam boilers about 150 sets of their coke-burning 
forced draught apparatus. At a conservative estimate, 
each set will consume 500 tons a year, aggregating to 
75,000 tons. In addition to this, there is at least an 
equal amount of coke now being consumed in boilers with 
little or no modification whatever in the former conditions 
of draught, while mechanical stokers of varioys types 
have been modified to use up to 50 per cent. coke. The 
Metropolitan Asylums Board, whose yearly coal con- 
sumption was 3,000 tons at one institution, find that 
they evaporate per lb. of coke as fired, 10 lb. of water 
from and at 212 deg. F., at an average fuel cost of 12s. 5d. 
for evaporation per 1,000 gallons, from and at 212 deg. 
F. The overall thermal efficiency (approximatel y 
78 per cent., assuming the average calorific value of coke, 
as sold, at 12,000 British thermal units) is well above the 
average realised with coal-fired boilers. The yearly 
saving that should accrue to the nation in residuals 
recovered in the process of gas-making, by the substitu- 
tion of coke for raw coal fuel in this plant alone includes 
30 tons of sulphate of ammonia (fertiliser), 6 tons of 
high explosive munitions of war, and the numerous fuel 
and other industry-promoting products of 30,000 gallons 
of coal tar. 
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SPELTER MANUFACTURE. 
To tHe Eprror oF ENGINEERING. 

Srr,— Owing to the great shortage of spelter caused by 
the stoppage of the pre-warsupplies, there is now raised 
the important question of increasing the output to meet 
the requirements of this country, which undoubtedly 
will be greatly increased after the war, and it is very 
essential to point out one or two very important matters 
in connection with this industry. If the demand for 
this metal is going to be as great after the war as it was 
before, and our markets are closed to the German smel- 
ters, the facilities for its production must be inc 
at least 150-200 per cent. In the past, and also at the 
present time, there is a great loss of metal taking place 
in the extraction from the various ores of anything from 
10 to 20 per cent. This kind of thing should not be 
allowed to be perpetuated without an effort being made 
to reduce this heavy loss. 

In a recent issue of one of our local papers there 
appeared a paragraph, which had been copied from 

he Times, quoting some figures relative to this important 
subject. e perusal of these figures will give some 
indication of the approximate amount of loss that is 
allowed to take place, and at the same time indicate that 
there is a great need for some drastic improvements to 
be introducted in connection with both the construction 
and working of the furnaces that are in general use at 
the present time. According to the above-mentioned 
quotation it requires 2.6 tons of zine concentrates to 
produce 1 ton of metal, so we require to produce 38.500 
tons of metal 100.1 tons of ore. (The amount of zinc 
in the concentrates ranges from 44 to 50 per cent.) 

If we take 45 per cent. to represent the average con- 
tents, the total zinc in the above-mentioned quantity 
of ore will equal 45.045 tons, so that the actual tonnage 
of umrecovered zinc is 6.545 tons, as shown in the 
following :— 





Tons. 
Total zine contents in 100.1 tons of 
ore ... eee ese eee eee 45.045 
Quantity actually recovered for the 
market pie aso ee 38.500 
Quantity unrecovered, shown as 
working loss ase oes pan 6.545 


The quantity shown, as loss put into decimals, equals 
a loss of 14.5 per cent., which if taken at the normal 
market value of £20 per ton represents the value of 
130.91. total. 

It may make it more significant if we reduce these 
figures down to the equivalent per furnace. The capacity 
of these varies both as to number and dimensions of the 
retorts, so if we assume the capacity to be one of, say, 
about 1.4 tons per week, it would require approximately 
53 furnaces to produce the quantity quoted, viz. : 38.500 
tons. Annually the loss would represent per furnace as 
follows :— 

123.5 tons per annum = 2.375 tons per week = 0.399 
tons per day. Value at £2,470 per annum = 47/. 10s. 
per week = 6/. 15s. per day. 

This loss can be attributed to various causes, and may 
be divided into three sections, as follow :— 

1. That which escapes condensation and is burnt at 
the mouth of the condenser. 

2. That which is left behind in the residues of the 
charges. 

3. That which is absorbed by the material of which 
the retorts and condensers are made. 

1. This cause is generally looked upon as being un- 
avoidable, on the assumption that a portion of the zine 
vapour is forced or carried outward by the escaping 
gases which are generated by the chemicai reaction which 
takes place in the reduction of the metal from its oxide. 
This may be the case up to a certain point, but there is 
another cause which aggravates it to a much greater 
extent than the foregoing, the effect of which is to convert 
a portion of the vapour into powder, which is carried 
outward and thereby escapes condensation to the liquid 
form, and which is burnt in a greenish blue flame, giving 
off copious white fumes of zinc oxide. 

This can be remedied to a great extent by introducing 
means to improve the conditions for the condensation of 
the vapour into its liquid form, at the same time reducing 
the tendency to its being converted into powder. 

2. This forms the greater portion of the loss, and is 
partly attributable to the design and construction of 
the front of the furnace. This being comparatively 
thin (being so for the convenience of the renewal of the 
faulty or broken retorts), and being exposed to the cool 
currents of air circulating upon it, causes the outer or 
front portion of the retort to be at a much lower tempera- 
ture than the remainder in the centre, whereby the greater 
portion of the zine is retained in the residue lying in the 
front portion of the retort. The effect of the foregoing, 
as well os the method in which the heat is applied, makes 
it compulsory to raise the temperature of the furnace to a 
much lager point than should be necessary. If the design 
of the furnace adopted in this district were improved, 
it would give a saving both in fuel and material as well 
as an improved extraction. 

3. The absorption by the retorts, &c., is practically 
unavoidable, but can be reduced to a great extent; in 
any case this is not a serious source of loss. 

fore making any increase in the existing plant or erect- 
ing new plants to meet the increased demands, it would 
be as weil if trials were conducted and subsidised by the 
Government to find out which would be the best type of 





furnace to adopt so.as to avoid perpetuating the great 
loss that is taking place under present conditions as | 
indicated by the figures quoted above. The t of | 
furnace which is in most general use in this country is the | 
reversible-regenerative gas-fired. 

In this type, or any other reversible kind, there are | 


conditions produced which are most detrimental to the 
economical extraction of the metal. The most serious 
of these conditions are the fluctuations that take place 
in the temperature upon each reversal of the gases from 
side to side, mean ¢ causing a greater amount of metal 
to be lost than would be if the conditions were different. 
So it is a very important point to obtain the best type of 
furnace, in which the most favourable conditions can be 
—_ to avoid, as much as possible, any of the metal 

ing lost by displacement caused by the defect men- 
tioned above. 

The furnace being the most vital part of a plant for the 
extraction of zine from its ores, one cannot pay too much 
attention to this section. It can be readily seen by the 
above statement of the loss caused by the fluctuations 
of the temperature, if we compare the average percentage 
loss for a period of 26 weeks on two types of furnaces— 
reversible gas-fired, and direct-fired. 


Reversible gas-fired 18.86 percent. mean loss 
for 26 weeks; zinc in 
residue, 3.85 per cent. 

15.81 per cent. mean loss 
for 26 weeks; zinc in 
residue, 4.60 per cent, 


These figures go a long way to show that the conditions 
obtained in the direct-fired are far more satisfactory than 
those obtained in the reversible gas-fired. 

Gas-fired furnaces can be constructed in which the 
same economical condition can be obtained as in the 
direct-fired, without having the defects which are preva- 
lent in the present system of reversible gas-fired fur- 
naces, and at the same time with a lower coal con- 
—- per ton of metal produced. 

object of the writer is not to raiseany controversial] 
points, but to show and also to emphasise the necessity 
of preventing this great waste being carried on as in the 
past. 


Direct fired... 


I am, yours faithfully, 
Swansea, September, 1916. H. Marttn. 





“ RELATIVITY ” AND OTHER NONSENSE. 
To tHe Eprror or ENGINEERING. 

Srm,—On page 297 of your current issue, in an article 
on Mathematical and Physical Science at the British 
Association meeting, at Newcastle, you say :—‘* We 
confess we feel perplexed. But since Professor Lamb 
. wen admitted that he had not hoped to follow 
much of the discourse, such confessions are hardly called 
for.” Your remarks follow immediately after a quota- 
tion from Profi itehead’s address in which appears 
this gem: “It will be convenient to allow that a body 
is part of itself” ! 

ell, Sir, may I ask, in all seriousness, what earthly 
good can sueh talk do? If these learned men must sa 
nonsensical things, let them meet privately and enjoy 
themselves ; but why publish their silly sayings? Are 
we really supposed, as one of your correspondents 
recently s , to mistake for cleverness that which 
perplexes even you, Sir ? 

Some months ago a friend, who is a specialist in 
mental disorders, wished to hear the presidential address 
of one of our greatest physicists ; and so I took him to 
the meeting at which it was delivered. We listened 
attentively, but neither of us could make head or tail 
of the address ; and, on leaving the meeting, my medical 
friend said: ‘“‘Do you suppose the president himself 
knew what he was talking about?” I replied that I 
had my doubts, whereupon the alienist said quite 
seriously : “‘ Well, it is a very sad case, but not dangerous 
enough to warrant his being certified.” 

My own view is that clouds of words are raised to hide 
the ignorance of those to whom we might be tempted to 
turn for information as to the cayse of, say, gravitation ; 
for it would not do for admirers of Einstein and Min- 
kowski to confess that they did not know ; and we must 
allow a certain amount of cleverness to one who, instead 
of making such a confession in plain words, puts it in this 
way: ‘ Little more was known of gravitation now than 
Newton knew. Gravitation had eluded investigation and 
analysis and remained isolated,” as reported in your 
article. 

Mind you, I am not complaining about the appearance, 
in your excellent journal, of that which stimulates healthy 
thought, even though the matter may be in the lighter 
vein ; but what I do feel very strongly is that there is a 
danger of upsetting the minds of some of us who may 
not always be able to distinguish sense from non-sense, 
through lack of that uncommon sense, so-called 

October 2, 1916. ‘Common Sense.” 











DRAUGHTSMEN. 
To tHe Eprror or ENGINEERING. 

Str,—My original contention was, and still is, that 
draughtsmen should be paid for overtime, should receive 
a war bonus, and should be treated in every way as 
favourably as the men working in the shops. 

The cost of living has increased just as much for 
draughtsmen as it has for workmen, therefore why 
should these latter be the only ones considered by the 
employers or by the Government ? 

Draughtsmen are paid weekly wages, not salaries, 
and are subject to dismissal on short notice. The bulk 
of them are taking home, at the week-end, about the 
same amount of money as they were before the war: 
while the—so-called—munition workers are taking home 
double and sometimes treble the amount of their previous 
wages. Why? Evidently because the workmen are 
organised ; coneee they have a powerful trade union. 

There are cases where draughtsmen work two or three 
hours overtime every night for no wages or considera- 
tion whatever; while into the same drawing office 





there come, every evening, other draughtsmen—employed 
by day by other engineering firms—and these latter are 
paid for their night work, These two sets of men work 
side by side, the one set being paid and the other set 
receiving nothing. 

I think it would be well if your correspondents con- 
fined themselves more closely to the main issue, which 
seems to me to be this :—Draughtsmen generally are 
either receiving proper treatment and remuneration or 
else they are not. If they are, then.all is well and good. 
If they are not, how best can they ensure for themselves 
better treatment ? 

Yours, &c., 


September 27, 1916. “ Svarrep.” 





Cutrtery.—The exports of cutlery from the United 
Kingdom in August were 3,324 cwt., as com with 
2,805 cwt. in August, 1915, and 2,305 ewt. in August, 
1914. The aggregate exports for the first eight months 
of this year were 22,685 cwt., as compared with 19,922 
cewt. and 28,906 cwt. in the corresponding periods of 
1915 and 1914 respectively. Australia has been the 
principal importer of British cutlery this year, nosing 
taken 6,275 cwt. to August 31, as compared with 4,4 
ewt. and 4,826 ewt. in the corresponding months of 
1915 and 1914. 





GERMANY AND RusstIAN ManGanese Ore.—The part 
played by Germans before the war in the manganese- 
ore industry of the Caucasus is found, says The Iron Age, 
New York, in a statement published in the report of the 
Coal and Iron Exchange, Kharkov, Russia. German 
companies worked only to a limited extent the large 
areas of mining lands they had obtained by lease or 
purchase, but they purchased ore from local producers 
at low fixed prices. Thus, the number of producers was 
constantly diminishing, and the peasants, tempted by 
German advances and loans, had every inducement to 
sell their lands. The number of producers declined 
from 374 in 1906 to 164 in 1913. The report also states 
that out of the 16 export firms at Tschiatura only 3 are 
Russian, and that the Gelsenkirchen Company alone held 
in the railway depéts at the beginning of 1914 more than 
35 per cent. of the m ore for export. This 
company was the principal source of ore for the Krupp 
works, and from January | to July 18, 1914, it ship 
193,000 tons, as compared with 136,000 tons in the 


rst 
half of 1913. 





DisaBLED SarILors AND Soiprsrs.—The classes organ- 
ised at the Northampton Polytechnic Institute by the 
Institution of Electrical Engineers, in co-operation with 
the London County Council, for the purpose of giving a 


Y | preliminary training to disabled sailors and soldiers as 


electricity sub-station attendants are about to be 
resumed. Up to the present some 40 men have been 
admitted to the courses, of whom 25 have been placed 
in electricity supply undertakings, the remainder having 
either found other situations or been unable to complete 
their course. The courses are free to the men, and the 
work consists of demonstrations and exercises in the first 
principles of electrical > pare | and of physics, 
practical work in the electrical and physical laboratories, 
and demonstrations in the power-house of the North- 
ampton Institute. By the courtesy of some of the 
London supply companies visits are also paid in the last 
week of the course to sub-stations and generating stations 
in the London district, and instruction is given by the 
men in actual charge of the stations. A third batch of 
20 men will begin their course about the middle of 
October, and will be wes / to take up employment as 

robationers about the middle of November. Raginains 

aving vacancies which could be offered to these men 
are requested to communicate with Dr. Walmsley, 
principal of the Northampton Polytechnic Institute, 
Clerkenwell, London, E.C., who will also be pleased to 
send application forms for admission to the courses, 
with full particulars, to disabled sailors or soldiers 
wishing to join. 





TRANSACTIONS OF THE INSTITUTION oF NAVAL 
Arcuitrects.—There has just been issued from the 
offices of the Institution, 5, Adelphi-terrace, London, 
W.C., volume lviii of the Transactions of the Institution of 
Naval Architects, edited by the —py~ f Mr. R. W. 
Dana, M.A., M.Inst.C.E., containing a full report of the 
proceedings at the spring meeting of this year. Not- 
withstanding that the work and professional interests 
of the members of the Institution have been concerned 
almost exclusively with the war, and that the work has 
been of such an original and important character as to 
render it impossible, from the national point of view, 
that it could be subject to consideration at the meetings 
of the Institution, a programme of papers most suggestive 
and helpful to the profession was arra: . The papers 
on the work of the Government Committees on the 
Load Line and on the Subdivision of Ships, and the 
discussions which resulted therefrom, alone make this 
volume worthy of a place in the library of valuable 
volumes which has emanated from the Institution. 
There are other papers and discussions appealing to 
naval architects engaged on a wide range of work. It 
need scarcely be said that the editorial revision has 
been most carefully done, and mention should be made of 
the high merit of the yee ns poe articles on distinguished 
members who have away during the war. The 
list is specially remarkable, as it includes a past-president 
—Earl Glasgow—and four honorary vice-presidents— 
Admiral of the Fleet the Right Hon. Lord John Hay, 
Sir Andrew Noble, Mr. Henry Morgan and Professor 
V. B. Lewes. The frontispiece is a portrait of the Ear! 
of Glasgow, president from 1901 to 1906. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 


(Specially Compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
VULY. AUGUST. . SEPTEMBER. 
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Nors.—In the diagrams above the figures plotted for tin and copper are the official closing cash 
quotations of the London Metal Exchange for “fine foreign” and “‘standard” metal respectively. The 
prices shown for antimony and lead are for English metal in both cases, whilst those for spelter are for 
American metal, The prices are per ton, but in the case of quicksilver, however, the price is per bottle, 
the contents of which weigh about 80 lb.; the price of tin-plates is per box of I.C. cokes free on board 
at Welsh ports. Each vertical line in the diagram represents a market-day, and the horizontal lines 
represent 1/. each, except in the case of the diagram relating to tin-plates, where they represent 1s. each. 
On July 7 the Minister of Munitions issued a list of maximum prices and regulations governing the 
dealing in certain metals, &c.; thus the price of hematite pig was fixed at 61. 2s. 6d., Scotch at 5/. 14s., 
and Cleveland at 4J. lls. 6d. per ton. ype were priced at 11/. 10s., and heavy steel rails at 
101. 17s. 6d. per ton. These quotations are still in force. (For official regulations see page 45 ante.) 





[Oct. 6, 1916. 
SOME PROPERTIES OF INGOTS.* 
By A. W. and H. Brraacery (Sheffield). 
(Concluded from page 318.) 


The Taper of Ingot Moulds.—If it is assumed that a 
taper ingot mould with the narrow end upwards is full 
of fluid metal at a uniform temperature, the act of setting 
may be represerited by a series of equidistant lines 
drawn on a longitudinal section of the mould parallel 
to its inner surface, as in Fig. 24, A, each line being 
made shorter than its pred or to t for the 
continuous shrinkage. (See page 339.) The point at 
which a pair of these lines meet within the mould may 
be taken as indicating that in the horizontal plane 

assing through it the metal has solidified completely. 

he cavity above the point of intersection is a pipe pure 
and ~~ and may be distinguished as “ primary 
eo ut there still remains a triangle marked K, 
which, according to our assumption, contains fluid metal 
and is hermetically sealed. This fluid in due course 
will also shrink and freeze and contract, but there is 
no possibility of the cavities thus formed being fed, and 
there is formed thus a more or less discontinuous ex- 
tension of the pipe, which may be called “secondary 
pipe.” 
On representing in the same manner the freezing of 
metal cast into a taper mould with the wide end up, but 
with shorter steps down because the shrinking fluid is 
falling from a wider into a narrower part, we arrive at 
Fig. 24, B. Here also the lines intersect and represent, 
similarly, that the material lying below the point of 
intersection has become solid. There is also a triangular 
residue of fluid metal, but in this latter case the triangle 
is inverted and the metal within it will freeze earliest at 
the lowest point, any shrinkage being meanwhile fed 
from above, and leave finally a hollow shrinkage cavity 
in the axis and at the upper end of the ingot. It is not 
possible in this kind of ingot to have a secondary pipe. 

The assumptions on which Fig. 24 are based take into 
account neither the speed at which an ingot is cast nor 
the cooling effect of the air on its upper surface. Ingots 
are not made by filling moulds at the greatest possible 
speed, or when they are, the ingots are inferior ones. 
It may take anything from } to 15 minutes to cast an 
ingot iaepending on its size, the kind of steel from which 
it is made, and the temperature of the molten steel), 
and during that time the lower part of the ingot is cooling 
and the upper part of the ingot mould gets heated before 
the fluid steel reaches it. 

The cooling effect of the air forms a cover of frozen 
steel of greater or less thickness over the top end of the 
pipe. In large ingots the thickness of this cover may be 
several inches ; in small ingots it may not persist at all ; 
but in either case the atmospheric cooling thickens also 
the metal about the upper part of the pipe. If, however, 
the influence of these variations be added to the hypo- 
thetical case represented by Fig. 24, it will not be modified 
out of all recognition, as may be seen by comparing the 
assumed forms with those of two small steel ingots 
shown in Fig. 25. 

Nothing can be done to prevent the shrinking of fluid 
steel as it passes from the liquid to the solid state ; and 
the only means of providing against the inconvenience 
of it is to arrange for fluid metal to be kept at a higher 
level ready and able to flow into what otherwise would 
be a shrinkage cavity. This means that an ingot must 
always solidify from the bottom upwards, which it does 
naturally when cast into a taper mould with the wide end 
up; or, in general terms, the metal in any plane must 
solidify earlier than the metal in any higher plane if 
shrinkage cavities are to be avoided. 

A fluid ingot cast with the wide end up shortens less 
rapidly than one cast with the narrow end up, and it is 
therefore more likely that the upper crust of frozen metal 
will resist the pressure of the atmosphere when the fluid 
underneath ceases to support it. This to some not very 
great extent will help to keep the upper and interior part 
of the steel fluid ; it is more poets - 2 however, because 
it may prevent oxidation of the interior of the pipe and 
thus facilitate its welding when it comes later to be rolled 
or forged. It may also be observed that the pipe in one 
case takes the form of a long pointed cavity and in the 
other a short cavity with rounded end (Fig. 25). Apart 
from the relative volumes of material thus made unsound 
and likely to be scrapped, the former, occurring in ingots 
cast with the narrow end up, is more likely to cause 
ingots to clink in the reheating furnaces. These are all 

ints of minor importance in themselves, but experience 
shows that they lead sometimes to grave consequences, 
and it is therefore worth while to note that in these 
minor respects the soundness and reliability of the ingot 
is improved by casting with the wide end up. 

The disadvantage of a shrinkage cavity whose surface 
has been oxidised by exposure to the atmosphere is 
recognised no matter in what kind of steel it occurs ; 
but it is widely believed that other kinds of shrinkage 
cavities will weld up without the steel being any the 
worse. Such a view is not quite in harmony with actual 
experience, and it may be said that the question is not 
and cannot be quite settled, as has been inferred, by 
boring holes into ingots or cogged bars, and then, after 
sealing hermetically, observing their behaviour on 





forging. 

Tite made with a drill is smooth and perfectly clean. 
The interior of an unoxidised shrinkage cavity is uneven, 
and its walls are often lined with small c lites, 
which make sharp les with each other and form very 
favourable starting-places for internal clinks when the 
ingot is reheated too rashly. On the surface of such 
cavities one may sometimes find a fine coating of alumina 





* Paper read before the IronYand Steel Institute, 
September 21, 1916. 
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which has been floated there on the decreasing mass of | 
mother liquor, and left high and dry as the last of the | 
fiuid falls to a lower level. It appears to be on this| 
account that blisters raised on thin sheets during hot | 
rolling are occasionally found to be coated on their inner | 
surfaces by a layer of alumina of a pale yellow colour. | 
This also has something to do with the lamination of saws | 


account ingots of high- steel ought always to be 
cast in taper moulds with the wide end up and fed by 
means of a white-hot sleeve or dozzle. e neglect of 
this precaution is one of the contributory causes to which 
the well-known splitting along their length of high-speed 
steel tools may be ascribed. Figs. 27 and 28 below 
show examples of defects in self-hard steel bars, unweld- | 


It may also be observed that the material immediately 


beneath a catch is spongy. The sponginess is caused b’ 

oxidation of the rin em of the strip of steel before the 
metal rising in the ingot mould covers it. The oxide 
film reacts with the cohen of the fluid metal, as soon as 
the two come into contact, and small quantities of carbon 
monoxide or dioxide gases are liberated, just as though 


and other articles either during stamping or in the subse- | able at any temperature, which originate from cavities | that part of the ingot mould were rusted. 


quent hardening operation. 

The central and unoxidised shrinkage cavities lying in | 
straight-sided ingots below the feeder head were at one 
time during the progress of setting filled with liquid steel | 
which fed the crystallites of purer metal growing from | 
the walls of the cavity. But whilst the fluid metal sank | 
downwards the crystallites remained, and when the ingot | 
becomes a billet or bar that part of it formed by the free- | 
standing crystallites is purer, i.e., contains less carbon | 
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Fic. 24.—Freezing in taper moulds. 





existing near the axis of the ingot. 

The inverted taper mould is not generally used for 
ingots whose wider end is less than 4 in. across; the | 
reason being that, with the usual taper, the narrower 
end becomes too small to be struck directly by the molten | 
stream without fear of its having previously impinged 
on the side of the mould. When a stream of molten steel | 
strikes the side of the mould the ingots are said to be 
“‘catched.”” A catched ingot is regarded as objectionable 
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Fic. 27 and Fic. 28.—Defects in steel bars arising from axial unsoundness 
in ingot. 


and other segregating elements than the surrounding 
material. This means, of course, that some part of the 
bar or bars will have a soft centre and cause disappoint- | 
ment if made into chisels or drills, or if made into 
accurately drilled objects, such as rifle barrels. This 
kind of defect is most clearly visible to the naked eye in | 


because it scars the surface of the ingot and may lead 


either to a lamination, akin to a lap, or a roak on the 
surface of the bar. On the surface of very hard steel, 
notably on self-hard steel ingots, a ‘‘ catch’? may lead 
to deep transverse cracks in the forged bar. 

In many cases part of the fluid steel which strikes the 





the fracture of steels containing between 0.90 and 1.1 per | side of the ingot mould adheres to it, and is not only 
cent. of carbon, but it can also be detected in lower and | solidified but comparatively cold before the steel rising 
higher carbon steels by polishing and etching. The | in the mould reaches up to and covers it.. The cold strip 
position of a soft centre in a steel bar is the same as that | of steel then adheres and becomes part of the ingot, | 
of a hard centre, and the one may occur not far behind and may be regarded as an inlaid strip of metal whose 
the other. Fig. 26 is a photograph of a bar which has | inner surface is more or less in contact with the ingot. 
been split longitudinally in order to disclose the soft |The strip, however, never melts, and its temperature 
centre. does not became equal to that part of the ingot in which 

The harder the steel the more important it becomes | it lies. As, therefore the ingot shortens in length by 
that the ingot should be free from these axial cavities, | contraction, the strip, unless it contracted at the same 
and that not only because the danger of clinking is | rate, which owing to variation in temperature it does not, 
greater and the chances of welding up the cavities are | will locally resist the — contraction, and small cracks 
less, but because the harder material at forging or rolling | in the ingot may be formed underneath or about the 
temperatures is less ductile, and under distortion the | strip. What happens is really a pull on a small scale, 
cavities may actually extend. This observation is notably | but the hardly discernible cracks on the ingot develop | 
verified by the behaviour of high-speed steel, and on that | into obvious cracks in the bar forged from it. 





. 26.—Soft centre in cogged bar arising 
from axial cavity in ingot. 


Fic. 25.—Sections of steel ingots cast narrow and wide end up, 
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Fic. 29.—Sections of ‘‘ bottom ’’ and 
“‘top’’ cast ingots. 


Sound Ingots.—Sir Robert Hadfield* has already 
extensively studied the question, and has drawn attention 
to the importance of obtaining sound ingots. 

One speaks of sound ingots in a comparative sense. 
Absolute soundness is never attained, but +he imper- 
fections which give rise to no blemish or defect in the 
interme‘liate or final stages of manufacture are disre- 
garded ; and if they are also equally unobjectionable in 
the use of the article they are comuadelally negligible. 


* Journal of the Iron and Steel Institute, 1912, No. II, 
pages 11, 40: 1915, No. I, page 40. Enamverrine, 
October 4, 1912, and May 14, 1915. 
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happen , that apparent trifles arising in | The slower rate at which grou ingots are cast is an | bottom mould having a central hole provided with a small 
tages Ae of A ere ates oer into serious defects or | advantage so long as the rate of casting is not too slow. | taper fireclay sleeve as shown in Fig. 31. This arrange- 
causes of defects in service, and to trace their origin | Under normal circumstances the rate will be determined | ment ensures the formation and feeding of the ingot 
and fix the responsibility becomes a lengthy and delicate | by the number of moulds to be filled through one runner, | by a stream of fluid steel entering on and passing up the 
matter. If, therefore, an ingot works up into apparently their cross-sectional area, the height of the trumpet, the | axis of the mould. The fireclay sleeve is also long 
faultless plates and bars and general forgings, it does not | amount of metal coming through the ladle nozzle, and | enough to give direction to the incoming fluid, and both 
follow that the ingot was a sound one, but only that any | the area of the passages in the runner bricks. To these | d ged ingot moulds and longitudinal cracks in ingots 
unsoundness present was of small obvious consequence. must be added the temperature of the steel and its | are practically eliminated. en cast in this manner 
Thousands of tons of ingots known definitely to be | freezing-point. | the mould must necessarily stand with the wide end 
unsound in the absolute sense are rolled into girders, The clean skin expected on ingots cast from the | npr i 
plates, rails and other forms, and appear to yield no worse | bottom is not always realised. en cast too slowly| If we assume a mould to be full of fluid steel at a 
service on that account. Some o' break and involve the ingots are folded on the surface, as indicated in uniform temperature, then the solid ingot could be 
loss of life and. other misfortunes as a set-off to the lower | Fig. 18, page 317 ante, and when steel is run down the | sound —_ if it had been cast with its wide end uppermost. 
costs of manufacture. arising from. the use of material trumpet too quickly to begin with it rises like a fountain | But in all top-cast ingots the fluid occupying the lower 
which is thought to be good enough, but not so good as | through the bottom and splashes the sides of the moulds. | part of the mould is colder at the moment casting is 
it could possibly be made. In producing steel at what When cast at average speed the molten metal runs | finished than is the metal occupying the upper part of 
is called “the market price,” these “‘insignificant’’ rather sluggishly to begin with along the cold runner | the mould, and this to a certain extent, depending on the 
defects in ingots are e as harmless as possible. In bricks, and when first sighted, at the bottom of the | dimensions of the ingot and the speed of casting, is 
respect to. piping and shrinkage cavities this is accom- | mould, appears as a nodule of Rs sty metal. By pressure | favourable to sound ingots independent of the direction 
plished by cropping the top end of an ingot, or by avoiding | from the ace | head of fir.id in the trumpet pipe | of taper of the mould. Also the quantitative effect of 
oxidation of the surfaces of the cavities in crder to | the nodule is fo out of the aole and the metal enters | a taper of say 1 in. to the foot is not the same on the 
i their ch of welding up. To a certain | more or less quietly. aA. | freezing of a large as a small ingot. In a small crucible 
extent this latter aim is secured by bottom-casting, but, As the area of the opening in the trumpet pipe is less | mould, for example, the area of transverse sections a foot 
direct attempts to secure its success have been made in | than that of the combined openings in the runner bricks, | apart might be in the proportion of 4° to 5’ and in a 
other ways, ¢.g., inverting the partly solidified ingot. | the steel having once properly entered the moulds feeds | larger ingot in the proportion of 20° to 21°; but in the 
Individual steelmakers are to be found who contend | quietly intothem. Later, however, a head of metal must | latter case the poe of casting would naturally be more 
that bottom-cast ingots can be made perfectly sound in ons in the trumpet to overcome the fluid pressure | favourable to the production of sound ingots than in the 
the usual mould by using a long trumpet and feeding it | inside the moulds and break through any crust forming | former if both were top-cast. For these and similar 
with hot metal. is, on the face of it, is highly improb- | on the upper surface of the ingots. The heavy fluid thus | reasons it is not permissible to apply rigidly the results 
able, however long the trumpet is made, as the steel in pressed through a circular opening is expected to travel | of observations made on small ingots with ample taper 
some parts of the runner brick will certainly freeze across, | up the axis of the ingot mould and diffuse itself into the | to much larger ingots cast with so small a taper that they 
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Fig. 31.—Detail of mould for bottom-casting, Fic. 32.—-Superimposed feeder-head. 


to believe that it often acts otherwise. The thickness | of opinion and a great deal of the recent controversy 
of the runner brick, where the vertical opening is made, | about sound ingots arise from neglect of this important 
is approximately 4 in. Even if this opening were made | difference. The difference, however, is one of detail, 
and set mathematically true the stream would not make | not one of principle, and the inverted mould should be 
headway vertically through the moving mass of metal ; | adopted.as the safest means of securing freezing of the 
it would be diverted first to one side and then the other | ingot from the bottom upwards whatever may be the 
=| by uncontrollable incidents. size of the ingot. 
. But runner bricks are ee and laid in oe casting| As a means of feeding the unavoidable ——e 
Fic. 30.—Effect of sloped opening in runner brick. | plate by human agencies; and sometimes the opening | cavities in the upper part of an ingot, the simplest an 
’ Te L sloped and sometimes it is chipped or has a fash on one | most effective p nal is the white-hot fireclay head or 
and thus hermetically seal up the ingot before the interior | side. Either incident will cause the metal delivered | dozzle used by the crucible steel maker. No feeder-head 
parts of the ingot have solidified. As to volume of | under pressure to be diverted from the vertical, and that | and no system of producing really sound ingots involves 
shrinkage cavity, there is not a great deal to choose part of the mould in direct line with the sloped opening | so small a percentage of waste. But the device has 
between a bottom-cast and top-cast ingot which have been | in the runner bricks will be washed by the incoming | not been applied to very large ingots, nor to groups of 
poured at the same rate; the advan enjoyed by | steel, and may have a cavity melted out of it. This is | ingots cast through the bottom from a common runner. 
the former is that its cavities are likely to be sealed from | represented diagrammatically in Fig. 30. A refractory head in the form of a brick lining in the upper 


| surrounding metal as it rises; there is reason, however, Ee be stripped only with a machine. Much variation 








atmospheric oxidation. he mould is attacked in this manner at varyi part of the mould or, more economically in some cases, 

If the feeding of a bottom-cast ingot through the | heights, sometimes as much as 16 in. from its base. If| as a superim piece as indicated in Fig. 32, can be 
trumpet be left out of account and we imagine the mould | the opening lies centrally under the mould the steel- operated with a discard of 10 to 15 per cent. of unsound 
to have been instantly filled with fluid metal, then it does | maker may hesitate to believe that the cavity when | and ted material. 


not matter whether the filling took place from the top | disclosed can have arisen from any defect in the casting Apart from shrinkage cavities the inverted mould is 
or the bottom. The position and size of the shrinkage | arrangement. It is much easier for him to think that advantageous in another important respect. When 
cavity would be the same in either case, except that with | the mould as delivered by the ironfounder contained | steel is cast on the cold side, as certain kinds should be to 
& closed top mould a thieker upper crust would form and | such a defect more or less consciously concealed, and the | facilitate cogging in the forge or mill without cracking, 
there would be small chances of bridges forming beneath | view seems to be justified by the fact that troubles of this | there forms on the upper surface of the fluid steel a crust 
it. The first advantage, then of bottom-cast ingots is| kind arise more frequently in new than in old moulds. | of crystals which, as already explained, may be broken 
that shrinkage cavities are more likely to be clean and |The reason, however, for this apparent justification, | and thrown back on to the sides of the mould, or pieces 
weld up. apart from the fact that new moulds are more carefully | thereof mfly be washed into the ingot and form blow- 
The metal rises in the mould more slowly on bottom- | scrutinised, lies in a difference between new and old | holes and other centres of weakness. In the ordinary 
casting both on account of the mass of grouped ingots | moulds, the inner surfaces of the latter being protected | form of mould this frozen surface is being pushed, as the 
and also because each mould is filled against the pressure | to some extent by the deposit of oxidised metal which | steel rises, into a constantly decreasing area, and it must 
of the column of metal in it. The steel freezes through | thickens on them by use. | ultimately break up or allow the steel to flow over it. 
contact with the mould whilst it is being cast, and at the| Deflection of hot metal to one side of the mould| In the inverted mould, on the other hand, the frozen 
end of the casting period the solid shell would he thicker, | favours the formation of cracked ingots. This remark | crust is rising always into a larger area, which keeps 
if bled, than the shell of a top-cast ingot of the same size ;| ought to be decorated like a recurring decimal when | its edges free and permits it to grow without becoming 
this is all to. the good so ‘ar as volume of shrinkage is| applied to the casting of hard steel ingots. If the | thicker and stronger ; consequently there is less danger 
concerned. Moreover, the ingot is fed under pressure | runner brick does not open in the axis of the mould the of the crust being broken, and it is possible to produce 
by metal from the trumpet so long as the runner bricks | incoming streams cannot possibly form an ingot whose | groups of ingots at a lower casting temperature. 
remain open, and this again lessens the volume of | temperature is uniform, and the chances of the surface| The principles of ingot-making already briefly described 








cavity. __ | of the mould being cut are increased. If the mould rests | are applied in the following columns to a few of the prob- 
As steel rises slowly in the mould, beyond the dis-| cornerwise on the runner brick, so that the stream of | lems arising in ordinary works practice. One of the most 
turbing influence of the i ing stream, it heats up the | metal before entering the mould runs along a diagonal | difficult of these is segregation and the occurrence of ghost 


sides of the mould and becomes itself colder, so that when | of the ingot, which owing to bad design of the bottom | lines in large ingots. 

the mould is full and the trumpet pressure can avail| plate or considerations of space may occur, then the| If an ingot can be made to consist entirely of long 
nothing, the freezing of the ingot is completed down- | corner of the ingot to which the moving stream is directed | narrow crystals as indicated in Fig. 1 (Plate XXVIII. ante}, 
wards from the narrower top end containing colder metal | is very apt to crack ; and if not cracked on that corner | the segregates are crowded into the centre and towards the 
to the wider bottom end containing hotter metal. The /| the ingot will certainly not be cracked on any other. | top of the ingot. But alarge ingot could not be made to 
ingot therefore may have two infected areas; one| In such cases cracks are to be found only in the lower | consist entirely of such crystals, and somewhere between 
at the top occupied by a pipe, and one in the lower third of the ingot ; higher up the force of the stream is | the outside and centre of a cross-section there is a more or 
of the ingot occupied by spongy metal. Sections of | dissipated as the head of metal increases. less clearly defined boundary between crystals growing 
top and bottom-cast ingots (12 in. square) are reproduced The most advantageous arrangement, within the | inwards from the outer shell of solid steel, owing to heat 
in Fig. 29. authors’ experience, for casting groups of ingots is a solid- | conduction, and crystals deposited from the mother 
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liquor whose temperature has fallen to freezing-point. 
is boundary line can often be seen on a well-made 
sulphur print of common steel; a portion of such a one 
made from a 12-in. ingot is pre ya in Fig. 33, 
age 0 (see also Fig. 20, page 317 ante). 
» e chill* crystals, which extend inwards from the 
already solidified shell, form a compact mass. They 
grow into close contact with each other, pressing the less 
pure and more fluid material from between their faces 
and confining it within a which becomes 
continuously narrowed. When temperature of the 
fluid metal within this falls to freezing-point, 
then “ free”’ metallic form and sink to the 
bottom or adhere to the inner surface of the solid walls ; 
and such crystals lie loosely together like thistledown 
and allow the liquid metal to pass between them. 

Talbot has shown,{ and Neu also at an earlier date,{ 
that when the sides of a partially solidified ingot are 
squeezed together to form a rough bloom, the cross- 
section of such a bloom shows purer material in the 
centre and outside than on a median area. The area 
which is thus found to be. occupied by the segregate 
corresponds to the boundary between the “chill” 
crystals and the “‘free’’ crystals ; or, more correctly, it 
should be said that the outer edge of the segregated 
area cannot lie nearer the face of the ingot than the said 
boundary line, the reason being that the fluid squeezed 
from the interior can penetrate the solidified wall only 
until it reaches the more compact chill crystals. The 
purer interior of such blooms consists of the free crystals 
already formed in the fiuid ingot metal and suspended 
therein or attached to the walls. 

If, therefore, it were thought desirable to move the 
segregates in a Talbot ingot towards the centre, it could 
be done by increasing the chilling effect. of the mould 
and raising the casting temperature, é.¢., by increasing 
the thickness of the solid shell before the fluid it con- 
tained had reached a temperature at which crystals 
began to form freely within it. 

y reasoning along similar lines we observe that in 
very large ingots (such, for example, as are used in 
making gun tubes) the wall of compact crystals starting 
from the interior of the mould drives before it, as it 
thickens, a fluid envelope of impure metal which diffuses 
readily with the hotter metal nearer the centre as lo: 
as both remain quite liquid. When this interior liqui 
reaches the upper limit of its freezing temperature the 
more flocculent kind of crystal begins to pe wen to the 
compact walls, and thus restrains somewhat the free 
movement of the liquid segregate which at that moment 
occupies the same position, Unless we are 
to assume a somewhat violent movement of the interior 
liquid it must happen that the segregated fluid becomes 
imprisoned and solidified where the two kinds of crystals 
meet, and as a matter of fact it is from that position 
inwards that ghosts are found. As a natural sequence 
one would expect to find the lower part. of an ingot, 
which receives most of the deposited free crystals, to be 
either altogether or relatively free from. ghosts. Also 
it might be predicted that a line drawn on a longitudinal 
section para to the side of an ingot would cut simul- 
taneously the outer ends of a number of ghost lines. 

By the kindness of Sir William Beardmore we are able 
to exhibit the sulphur print of an ingot clearly illus- 
trating segregates or ghosts of the kind referred to (see 
Fig. 34, page 341). The explanation given may be 
confirmed both deductively and by actual observation, 
but before applying these methods it should be said 
that the maker of gun tubes first trepans a core from the 
centre of the ingot or from the centre of a large billet 
made from the ingot. He does not care very much 
whether the di ed core contains ghosts or not, but 
it is very important commercially to have no ghosts, or 
as few as possible, on that part of the ingot which will 
lie ultimately near the bore of the gun. 

A. In a large ingot cast in a loam mould the ghosts 
were found to be distributed almost to its edge, and it 
was not possible from any part of the tube to secure 
test-pieces which would pass inspection. This condition 
arose obviously from the fact that circumstances were 
unfavourable to the formation of chill crystals. 

B. As the result of extensive experiment it has been 
affirmed that much better results are obtained, i.e., there 
is less trouble with transverse test-pieces cut from a gun 
forging, when the casting temperature is high. This 
arises from the fact that a high casting temperature is 
favourable to the growth of chill crystals; but it may 
arise also use non-metallic impurities, not strictly 
due to segregation, have a better chance of escaping to 
the centre and top of the ingot when the casting tempera- 
ture is high. A portion at least of such impurities may 
be eliminated in the furnace by careful working. 

C. Mr. Ashdown has permitted us to refer to a direct 
experiment made on this subject. He pre a 
longitudinal section through a large ingot which was cast 
partly in an iron mould and partly in a loam mould. 

he result is shown very clearly in Fig. 35, 341. 
Mr. Ashdown has allowed us to examine also the results 
of his many large-scale experiments long similar lines, 
and we were gratified to find them in agreement with our 
own observations and deduced conclusions. 


D. Other makers of large ingots have been known to | 


affirm that cracks on the corners of such ingots (generally 
due to high casting temperature) may be taken as a sure 
sign that the ingot is a good one, é.e., good in respect to 





* For brevity those crystals which form at the inner 
surface of the mould and grow into the liquid steel are 
called “ chill’’ crystals; and those which form unattached 
in the cooler fluid and tend to fall on to the bottom or 
sides of the solid shell are called “ free’ crystals. 

+ Journal of the Iron and Steel Institute, 1913, No. I; 
Encrneerine May 9, 1913. 

} Stahl und Hisen, 1912, pages 397, 1,363. 





freedom from ghosts outside the trepanned core. The 
effects of high casting temperature in the direction 
indicated may be admitted, but the remedy is a desperate 
one, and it-may well be asked whether it were not better 
**to bear the ills we have than fly to those we know 
not of.” If we bear in mind the difficulty of controlling 
casting temperatures these remarks will , without 
further comment, why gun ingots made under apparently 
identical conditions are diversely satisfactory. 

The net effect of a high cast temperature is harmful, 
and it is doubtful whether an exception should be made 
of ingots. It increases the amount of total shrinkage ; 
it increases the number of contraction cavities and inter- 
crystalline cracks (see Fig. 36, below); it adds to the 
weakness of the ingot along planes which lie between 
the corners and centre of the ingot, and it heightens the 
— of clinking in the reheating furnace. 

assumption that an ingot is a homogeneous piece 
of metal, apart from piping or segregation, is not 
supported by observation. Take, for example, the well- 





Fic. 36.—Relative shrinkage and contraction in 
“hot” and “ cold” cast ingot. 





Fic. 37.—Hollow centre in forged bar (Alling). 


worn statement that the extension of a round bar of 
hot steel by a method which includes the revolution 
of the bar on its own axis will cause the centre of the 
bar to become hollow, as indicated in Fig. 37 (above). 
There certainly is a tendency at all times for the bar to 
split, and it will no doubt actually do so if the working 
is sufficiently drastic and prolonged, because the simul- 
taneous revolution and elongation of the bar produces a 
transverse shearing moment through its centre. But 
whether it will occur or not in an operation carried out 
always in the same way depends on the properties of the 
steel, and experience shows that it occurs invariably 
with some bars but not with others made from the same 
ingot. 

Jse has been made of a method which secures the 
simultaneous revolving and extension of bars under 
well-defined conditions as a means of comparing the 
strength of the central axis of ingots cast under different 
conditions. The ingots were rolled into bars, and these 
were cut into lengths for testing purposes. From the 
usual form of ingot only those bars corresponding to the 
lower third would stand the test without splitting. When 
cast into an inverted mould about three-fourths of the 
ingot would produce bars capable of withstanding the 
test ; but if cast very hot even the inverted ingot would 
not make satisfactory bars. 

Some tests were made on bars prepared as follows : 


The ingot was cogged into a slab, this was sawn longi- 
tudinally down the centre, and each half was rolled into 
test-bars. In these tests the axis of the bar would not 
co! either with axis Of the ingot or any plane 
of existing in the ingot, and it is notable that out 
of 300 tests not a single piece disclosed a split centre. 

It is not so easy to make quantitative tests across the 
planes of weakness originating at the corners of ingots, 
and the steelmaker is well pleased if he can avoid any 
obvious defects arising from them. Their presence, 
however, should not be neglected by the steelmaker nor 
ignored by the inspecting engineer. They are un- 
avoidably present in greater or lesser degree, depending 
on the shape of the mould and the manner in which the 
steel is poured into it, and more especially on the tempera- 
ture of the steel. Defects.arising from the said planes of 
weakness are well known; they appear, for example, in 
the tyre blanks during the becking operation, or earlier. 

Owing to the higher coefficient of shrinkage of stearine 
as compared with steel, and its smaller resistance to 
tensile stresses, it is nares to exaggerate the defects 
likely to occur in steel ingots. In Fig. 36, for example, 
a stearine ingot cast in an inverted mould from an un- 
favourably high temperature is seen to be defective 
almost to its base. Nothing so visually discomforting as 
this is likely to occur in a steel ingot, but it is surely 
an advantage, rather than otherwise, to have tendencies 
in the steel we make widened into visible defects in the 
material used for experimental ay on 

Stearine can be used also to illustrate the general 
principles of segregation, and to demonstrate some of 
the causes of spongy and blown ingots. Its value for 
teaching purposes can hardly be over-estimated; the 
attention of members is directed to the specimens 
exhibited. 





FOREIGN ENGINEERING PROJECTS. 

WE give below a few data on several foreign engineering 
projects, taken from the Board of Trade Journal. Further 
information on these projects can be obtained from the 
Commercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, London, E.C. 


Portugal.—The Diario do Governo, Lisbon, notifies 
that tenders will be received, up to 1 p.m. on October 10, 
| at the “‘ Direcyio dos Caminhos de Ferro do Sul e Sueste,” 
| Lisbon, for the construction of a railway station at 
| Sousel, on the Estremoz-Castelo de Vide line. Although 
| this contract will probebly be awarded to a Portuguese 
| firm, nevertheless the carrying out of the works may 
| involve the purchase of some material outside Portugal. 


| Spain.—The Gaceta de Madrid notifies that tenders 
will be received, up to 1 p.m. on October 13, at the 
“Servicio Central Hidrdulico, Ministerio de Fomento,”’ 
Madrid, for the supply and installation of pumping plant 
required in connection with the supply of water to the 
town of Las Rozas, Madrid Province. The same Gaceta 
publishes a notice, issued by the ‘‘ Minsterio de Fomento,” 
authorising Don Juan Sitges y Aranda to utilise the 
waters of the Rio Deva, in the district of Pefiarrubia, for 
industrial purposes, and conceding to him the necessary 
land on which to construct a power station, &c. The 
necessary works must be commenced within a year from 
the date of the granting of the concession and completed 
within four years from the same date. 


Morocco (Spanish Zone).—H.M. Ayent and Consul- 
General at Tangier reports that, according to a notice 
recently Bene in the Boletin Oficial of the Spanish 
Zone in Morocco, tenders will be received up to October 4 
at the Secretariat of the ‘“‘ Junta de Servicios Locales,” 
Tetuan, or in the’ Morocco Section of the Ministry of 
State at Madrid, for the construction of a general pro- 
vision ‘market in Tetuan. 








NoORWEGIAN-AMERICAN SHIPYARDS.—The Norwegian 
shipowner, Mr. Chr. Honnevig, has purchased the Pusey 
and Jones emneny Wilmington, Delaware, and the 
| Pennsylvania Shipbuilding Company for 1,000,000 
dols. It is the plan to build steel schooners with powerful 
motors, and four such vessels have already been ordered. 
The Pennsylvania Shipbuilding Company can build as 
many as 8 vessels of 13,000 tons at once. Two steamers, 
| for Norwegian account, of 7,000 tons each have been 
commenced, and in November two boats of 13,000 tons 
each will be taken in hand ; the latter will have turbines 
and oil firing, and the speed, loaded, will be 12 knots. 
| Both yards have been put under Norwegian management. 
| 
| Our Coat Asroap --The exports of coal from the 
United Kingdom in August were 3,419,619 tons, as 
compared with 3,650,472 tons in August, 1915, and 
3,070,742 tons in August, 1914. When we take account 
of coke and patent fuel the shipments of the month are 
increased to 3,665,482 tons, as compared with 3,853,794 
tons and with 3,209,399 tons. The quantity of bunker 
coal shipped for the month was 1,168,299 tons, as com- 
pared with 1,158,729 tons and 1,147,437 tons. The 
aggregate movement for August was, accordingly, 
4,833,781 tons, as compared with 5,012,523 tons in 
August, 1915, and 4,356,836 tons in August, 1914. In 
the eight months ended August 31, this year, coal was 
exported to the extent of 25,799,197 tons, as compared 
with 29,522,179 tons and 44,257,161 tons in the corre- 
sponding periods of 1915 and 1914 respectively. These 
totals were increased to 27,744,306 tons, 30,962,900 tons 
and 46,276,159 tons by the addition of coke and patent 
fuel. The shipments of bunker coal to A t 31 this 
year were 8,758,199 tons, as compared with 9,657,927 
tons and 13,249,027 tons. In one way or other, accord- 
ingly, coal left our shores to August 31 this year to the 
aggregate amount of 36,504,505 tons, as compared with 
40,620,827 tons in the first eight months of 1915, and 
59,525,186 tons in the first eight months of 1914. 
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‘** ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACT OF 1907. 


The number of views given in the Specification Drawings is stated 
) LT where none is mentioned the Specification is not 
Where inventions are communicated from abroad, the Names, <c., 
of the Communicators are gi in italics. 
obtained at the Patent Office, Sales 
hancery-lane, W. 


given 
Cc of Specifications may be 
anch, 25, Southampton Buildings, C. C., at 


the uniform of 6d. 

The date of the adeertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
in -y at tame witht aon the date of 
person may, at any ithin two ‘rom 0. 
‘Ae ateatomtes @ the of aC Speci, ion, 
give notice at the Patent O; of to the grant of a 
Patent on any of the mentioned in the Act. 


ELECTRICAL APPARATUS. 


9,960/15. The British Thomson-Houston Company, 
Limited, London. (General Electric Company, Schenectady, 
U.S.A.) Rectifiers. (3 Figs.) July 8, 1915.—In a vapour 


electric device in accordance with this 
envelope contains a va) 


invention a main metallic 
risable cathode electrically insulated 
from the main envelope by insulating material provided with a 
— of interne! ridges extending transversely to the vapour 

last. 1 is the main arc chamber containing main anodes 2, 21, 
and a s anode 4. The main chamber 1 communicates 
with a chamber 5 containing the cathod thode chamber 
is shown in greater detail in Fig. 2. The lower wall 9 of the 





Fig.1. 


Y 
Vp 





9 





cathode container consists of metal. It is separated from the 
plate 8 by a section of insulation and bears against a section 10 
of porcelain or other suitable inert gas-tight insulation. Washers 
consisting of aluminium, copper, asbestos or other compressible 
material are interposed between the insulating section 10 and 
the adjoining parts 1 and 9 respectively. The insulating 
‘section 10 is provided on its inner surface, as indicated, with a 
series of projecting convolutions or ridges substantially el 
to the surface of the body of mercury 13 and interposed in the 
path of the are blast emanating from the mercury cathode 13. 
(Accepted June 21, 1916.) 


11,831/15. Marconi’s Wireless Telegra) Company, 
Limited, Ss. O. E. T. Trost, m. Wireless 
Telephony. (i Fig.) August 16, 1915.—In accordance with 


this invention, means are provided for anny | up in an aerial 
two or more sets of oscillations, the phases thereof being such 
that the oscillations normally neutralise each other, and the 
phase of one set is controlled by a mic one or the like. When 
the microphone is in action it alters the phase of one or more 
of the sets of oscillations so that they no longer neutralise each 
other, and oscillations corresponding to those of the microphone 
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are consequently emitted. Preferably. the oscillations are con- 
trolled by a circuit of small power, which in its turn is controlled 
by the microphone. Cl, are condensers continuously con- 
nected to a battery B and discharged in succession by a disk 

r D through quenching devices Qi, Q2, and primaries 


Pil, P2 of a Gin the serial circuit. The time of the 
con by the of auxiliary condensers 
K1, K2, effected by a second disk di: rTD. Misa micro- 
phone inserted in c t of the condenser K2, 
or the microphone may be 
of the condensers K1, K2. 


12,276/15. Bullers 
Dagnall, 


laced in the charging circuit of one 
Ei ccepted July 12, 1916.) 


» Limited. 
eybridge. Insulator 


| 


ith a rail or 
the middle 





shaped that 
ensured and canting or taming 









































rigi 
which is journalled in a -plate 3. The latter carries at its 
front a number-plate 4, and at its back a governor 5 of the known 
worm-driven centrifugal type, and line contact springs 6 and 7. 
Loosely mounted on the shaft are a worm-wheel 8 en; the 
worm 9 of the governor, and a toothed impulse wheel 10 of 





insulating material. Attached to the rear end of the shaft 
is a clutch 13 consisting of a plate provided with fingers 14 
adapted to engage holes 15 made in the rear face of the wheel 8. 
The dial is returned to its initial position by means of a spiral 
theethola ples inadrum. Upon setting the dial by t the 

rhold plate 1 in the direction of the arrow up to a finger 
abutment 18, the spring fingers 14 pass the holes 15, and conse- 
quently the wheels 8 and 10 are not. rotated, the resistance of the 
governor being sufficient to prevent their being carried round 
by the friction of the fingers 14 against the face of the wheel 8. 
When the fingerhold plate is released and returns to normal, 
two of the fingers 14 engage two corresponding holes 15, so that 
the wheels 8 and 10 are rotated, operating the governor and the 
contact springs respectively in the ordinary way. (Accepted 
July 12, 1916.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


100,599. South Metropolitan Gas Company and D. 
Chandler, London. Gas Furnaces. (4 Figs.) January 3, 
1916.—In connection with furnaces heated by atmospheric gas 
burners and according to this invention, the and air on 
their way to the burners are mixed and the heated by 
the products of combustion escaping from the furnace, during 
the mixing operation. On opposite sides of the furnace are 
shown flues and heating devices for the incoming air and gas. 
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ugust 26, 1915.— According to this invention, 








girder telegraph pole a, a bracket or | 
part of the insulator-carrying arm d, 


winding course, during which the air and gas 
mixed, and raised to a considerable temperature 
the burner. (Accepted June 21, 1916.) 
11,724/15. O. D. North and 
- Valve Levers. 
1915,— valve lever A is secured to a 


ape 
are y 
Straker-Squire (1913), 
Ppa 138, 
blades si one on each aide 
secured at its lower end to a fixed 


of two approximately Meg iy 
8 


of the lever. The 





support C. One of the lever A is assumed to execute small 
angular movements under the action of a vertical 
a 
3 
Wltb dibs / 
oo Sete of Gaon, to be ratty a ted. The outwardly 
eee eS See oe ped to bear against the 
Ranges 0 the pole a, to which they are presented when the 
bracket b is applied in its proper position to the pole a and the 
arms terminate in projections 62, 62, for the insulator-carrying 
arms d to bear on. A bolt ¢ is passed through the rail-like pole, 
and the bracket b and arm d are passed on to the bolt ¢, the nut 
of which is then applied and screwed tightly home, (Accepted 
July 12, 1916.) 
9,852/15. The Relay Automatic Telephone y, 
xample 
pene ig BO b A rea a Fis Piss.) daly 6, 1915, | own, the other end of the lever is provided with a counted 
According to the present tavention, tne ie Da surface F resting on a rod G, to the lower end of which is secured 
; gerhold plate and the | , valve H valve rod is pressed upwards b 
contact operating member or impulse wheel are mounted co- to maintain the valve H normally in contact v8 Pains oe oe 
axially and are coupled —— by a clutching device operative (Accepted July 12, 1916. y seating. 
only —— return of the fingerhold te to its normal apiece ) 
position. ferably also, the governor is driven directly by a| 16,983/15. E. Gardner, Patricroft. Internal - Com- 
wheel —_ to be coupled with the fingerhold plate by the same + (2 Figs.) December 2, 1915.—This inven- 
clutch. e rhold te 1 is dly attached to a shaft | tion relates to two-stroke bustion of 





a -like it b, radiating fins or wings c 

by an outer d, its external surface. The outer on 
or dome e of the bulb seats in the , and the dome 
are then clamped in place by the iding-down ring f. The 
radiating ring b ensures that the dome ¢ does not become over- 
heated, as does an o unjacketed dome under heavy loads, 
whilst at light loads the bulb is maintained at'a sufficient 


ture to vaporise and ignite the charge efficiently 
ter efficiency at moderate and heavy loads a 
ection g is 
which the 
ring b, which can be 
correct alignment of the inj h, ani 
peg, can be ensured before the outer dome part 
position. (Accepted July 12, 1916.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


100,615. D. Na and Son, Limited, and A. J. Row- 
ledge, London. - (6 Figs.) February 29, 1916.— 
According to this invention, one member of a clutch, say 
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3 
ses 
eet ae 


1915. —According to this invention, the marine 
ler shaft 19, a steam 


of the mine. The body 2 of each mine is connected 
cable 1, thro 


ng 
or become 


to the 

the medium of a shackle hook 3, having a 
tongs formed with teeth which e 

embedded in ee. San pe age dy 


pee me grey ae ge ; 
Seen pan T 7 is locked by a bolt 9. This bolt 9 is con- 
nected with one end of a cable or cord 10, the other end being 
sesains te te cath or ekematen Yh at Ue tok te The body 
iF the ees a haiat ot the ba a - of with a 13, connected 
y means of a of the bayonet type a ghey y 
connec’ by means of a tube with the sha’ - mPa ge 
furthermore, is wound between members vigidly ped ot ns 
the body 2 of the mine. Rotatebly mounted on the shaft 11 
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the steam ry and the gearing, the motor and the gearing 
and the shaft 19. By this arrangement the steam turbine may 
be employed . nergh ~ B the motor while it is operating as a 
generator and c way & storage batteries from which it receives 
current while driving shaft, or the steam turbine may drive 

er shaft or both motor and ye ry shaft; also the 
motor may operate yy of, or in con unetion with, 
the steam turbine in driving the propeller sha ( Accepted 
July 12, 1916.) 


5,000/15. Vickers, Leamened, and T. G. O. Thurston, 
London. Warships. (5 Figs.) March 31, 1915.—The inven- 
tion relates to ships employed in naval warfare, of the kind 
in which chambers are provided around the ship for aoe 

of protecting it from the effects of submarine exp 
aves as resistance and expansion chambers for the explosion 
waves According a this invention, the chambers are situated 
along the sides of the ship for a suitable d ny end forward and 
aft of midships, and are so constructed that explosion gases 
of the 0 or vy va are allowed to expand in into a voluminous 
outer com , the outer wall A! of which is convex or 
is similarly ry with a pronounced projecting wall in contact 
with the sea, and finally to be safely resi: , a strong 
structural form of an inner compartment B of chambers. 
The inner wall or back A2 of the outer compartment constitutes 
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a partition between the outer and inner compartment, and is 
com} of a suitably stiffened bulkhead or inner ae ay 
— may be additionally Silioned to resist breakage by a 
tudinal girder or f= extending along its back and 
— rably composed of se ot ype’ or box-shaped plating, 
and also, preferably, supported by means of flexible cables or 
the like extendi transversely across the girder and connected 
at their — to upper and lower _—— of the bulkhead 
B, which provides the 
is formed 
with a strong 
approximately semi-circular in shape, that is to sa 
inwardly from the up portion and then exten 
towards the lower portion of the outer, ——— } eegoaete 


July 12, 1916.) 
6426/15. G. E. Elia, and Rome, Italy. 
ive Booms. (6 Pigs.) a 1914. —The boom, 
wanadinn | to yi invention, consists of a ‘series of mines 2 
each com) ne body containing the explosive charge 
and a float, the mntnes being connected 40 0 cable ie 1 by means 
of hooks, and maintained near the surface of the water by the 
floats so that when a submarine comes into contact with the 
cable its periscope will be forced to slide along the cable and 
strike one of the mines. The mines are constructed in such a 
manner that, following upon the shock of contact = sub- 


reached a predete 
tractive effort exerted by the cord will result in the 
release of the percussion device, thereby producing the een 








(64268) 


of the hook 3 by means of the sleeve 19 are two floats 15 having 
the form of stirrups and surrounding the body of the mine. The 
— 19 is secured to the shaft 11 of the hook 3 by means of 
sp ——— y 16 maintained in place by a sal-ammoniac 
block , and also y @ copper screw or shear pin. As long as 
the awd are in a dry condition they cannot explode, because 
any rotation relatively to the hooks 3 is rendered impossible 
by the a pin 16. On the contrary, when they 
are laid in the sea, together with the cable 1, the sal-ammoniac 
blocks 17 dissolve and the pins 16, pushed by their springs, unlock 
the sleeves 19 from the shafts 11 of the hooks 3, and the mines 
become automatically ready for operation. When the mine 
pop | and the floats, and therefore extensions 13 connected 
to the mine body, are rotated a certain angle with 
respect to the shaft 11 of the hook 3, the extensions 13 can 
disengage themselves from the part 14. '( Accepted July 12, 1916.) ) 


9,570/15. The Hon. Sir C. A. Parsons, er 
Tyne, and R. J. Walker, S. S. Cook, and 
Douglas, Walisend-on-Tyne. Marine Turbines. as Figs.) 
| June 30, 1915.—The present invention relates to turbine 
| installations for ship propulsion of the type in which the 
|ratio of the revolutions of a main turbine to the revolu- 
tions of the propeller it drives differs at low powers from 
the ratio at full power. The low-pressure turbine } is 
mounted coaxially with the propeller ec. The high-pressure 
turbine a is situated adjacent to the low-pressure turbine 
with its axis parallel to the prope lier shaft. U the 
propeller shaft and adjacent to ti ow-pressure turbine, two 
gear wheels of unequal size are provided. For convenience, 
one of these d, ey that nearer to the low-pressure turbine, 
will be called the full-power gear wheel, while the other e will 
be called the low-power gear. wheel. The full-power gear wheel 
may be permanently connected to the low-pressure turbine 
rotor. Upon the — 1 of the ay bey | two — oe 

u - 


pinions f and g a e in 
power gear wheel, “the other in engnaemneab with mt eee 
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(9570) 
gear wheel. A clutch A is provided between the two gear wheels 
d, e, such that the low-power wheel e may be connected to or dis- 
connected from the propeller shaft, while the low-pressure turbine 
rotor may also be connected to or discornected from pinfons 9 
shaft. A clutch & is provided between the two _— 
on the high-pressure turbine shaft, so 
power pinion g can -be copnected to or disconnected += ol the shaft 
of the high — turbine. The pinion f en the full 
fre Nd gear be a age coupled to shaft of the 

igh-pressure turbine. Und er full-power conditions the low- 
—— turbine rotor is to the p shaft and the 
iow eae wheel ¢ is disconnected ons the propeller —_ and 
w-power pinion g is preferably disconnected from the 
Under these conditions the low-pressure 
urbine } drives the Pm ay 2 shaft ¢ directly, while the high- 
pressure turbine @ drives the pro; r shaft 
reduction Ender i provided by the full er pinion f and 
wheel d. Under low-power conditions low-power gear 
lier shaft, and the low-pressure turbine 
rotor is disconnected trom the propeller shaft, while the low-| raising 
pinion g is connected to the shaft of the high-pressure 
Cavoughs the bow peter pial barbie <a wind 0, ale Oe low 
ow-power on g an w e, e ow- 
pressure turbine } drives the ler shaft the full- 
the | power gearing dy d, f, = d'and e upon to the difference in 


the pi 
aaa voangubens7 ant pecguoen v2 





ressure turbine shaft. 


single 





¢, in se 
wheels 





led | fitted to the high-pressure time 


low- turbines thus at low power drive the 

through a giving a different ratio to that 
employed at full Further, it is to be noted that under 
- | low-power eontitions * the low- -pressure turbine drives 
yn gear pairs in series, while at full power it drives 


to an alternative ment, a c 
(decepted July 12, 1910.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


11,352/15. W. Hartnell, Leeds. Governors. (4 Figs.) 
August 6, 1915.—The object. of this invention is to guide the 
revolving weights of a governor when they are pivoted to, or 
rest upon, rocking levers, so that the weight must always maintain 
the same angular position in reference to any plane of 
when at the same radial distance from the axis of revolution. 


According to this invention, one or more arms A is or are fixed 
at one end on each pots and rest and slide on the weight 


ee 

















(u3s2.) 
diametrically opposite. The arms are slotted radially, the sides 
of the slots engaging a roller on roller-pin c on the roppeniia —— 
If these slots are parallel to a plane of rotation, the weights must 
always be in the same angular ition in respect to 
at any radii, altho the weights may rise and fall 
By inclining or c g these slots the angular position of 
weights can be varied, when required, for every variation 
radial position. (Accepted June 21, 1916.) 


MISCELLANEOUS. 


11,936/15. Vickers, Limited, London, and R. L. Smith, 
Erith. tion of Hardness. (4 Figs.) - August 18, 
1915.—According to this invention, apparatus for the deter- 
mination of faotnees of a body comprises a steel ball B rtien 
in a holder A which is formed with an opening C for the reception 
of a standard bar or rod of rectangular or other yy goad 
cross-section, the position of the ball being such t lies 
contiguous to the bar and protrudes to some extent from the 
holder. A resilient member D, having an aperture E therein, 
may be inte between the ball and the bar so as to normally 
keep the ball out of contact with the bar and provide sufficient 
friction to retain the holder in any ition to which it is moved 
along the bar. The part F of the holder ——— the ball con- 
stitutes an anvil for receiving blows from a hammer. A number 


the 
of 





d awe is 6,600 tons per month. 


(usge) 


of bars may be provided, each of them being a standard of some 
| definite and uniform hardness, which may be indicated by 
| fi at the ends thereof. To obtain the approximate hardness 
in article the ball-holder A is slid on to one of the standard 
bars possess eS nas tit ae aan 
article should possess. The is then held by its end so that 
the ball rests on the article with the axis of the holder perpen- 
dicular thereto, and the anvil F of the ball-holder is given a 
slight blow with a hammer ; ; the holder is then slid along bar, 
an impression is com th that which was simul- 
taneously made on the article by the same blow of the 
If the two impressions are the same in size the hardness of the 
article under examination is the same as that of the standard bar. 
( Accepted July 12. 1916.) 





AUSTRALIAN METALLURGY.—The output of pig-iron 
in New South Wales in the first half of last year was 
42,000 tons, while the production of steel ingots was 
38,000 tons. The corresponding totals for the whole of 
1914 were 75,150 tons and 24,420 tons acely- 
Mr. Delprat, General Manager of the Broken Hill Pro 
prietary Company, Limited, reports that that company 


high | is at present under obligation to supply 4,000 tons of 


rails monthly to the Australian Common Govern- 
ment and 3,000 tons of rails monthly to the New South 
Wales Government. The total production of steel at 
e company is adding 
our open-hearth furnaces to its productive resources, 
the total to seven, and at the end of the year its 
poem, Srv of steel ought to be 11,800 tons per month. 
© company’s present Sage is only ed for 
rolling rails above 60 Ib. and heavy structural steel. 
The management hopes, however, to be shortly in 4 





shaft, 
ith them, the high and : steel. 


position to roll lighter sections of rails and structural 








